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PREFACE

Since 1938, the National Institute of General Medical Scienves (formerly the
Division of General Medical Sciences) of the National Institutes of Health
has provided support to graduate education in the biomedical seiences in the
United States through a Graduate Research Training Grant Program and a
Fellowship Program. At the request of the institute, the National Research
Couneil (NRCY), through its Office of Scientific Personnel, carried out an
independent evaluative study of these programs for the period 1958 to 1967,
The present report summarizes the results of the study, which hus been in
progress since 1965,

One of the purposes of the study was to colleet objective data that
would provide answers to such questions as: What have been the patterns
of NIGMS support to bioscience departments by academic field, by
geographie region, and by type of institution? What have been the effeets of
this support on PhD production? What have been the patterns of NIGMS
support to graduate students? What have been the effects of this support to
graduate students? What have been the effects of this support on the percent-
age of students attaining the PhD, on patterns of post-training employment,
and on the quality and amount of research accomplished?

In addition to supplying objective data, the report was to include an
evaluation of the findings and a set of recommendations to the NIGMS
regarding future policies for the traiving program. Here the services of an
Advisory Committee composed of biomedical seientists and educators were
of eritical importance. Such services were given generously and effectively,
The members of the committee were:

John A, 1), Cooper, Chairmaen, Northwestern University

H. Orin Halvorson, University of Minnesota

Hamld_tJ . Blumenthal, Stritch School of Medicine, Loyola Uni.
versi

Peter C .yN owell, University of Pennsylvania

Gerhard W, K, Plaut, Rutgers, The State University

Fred M. Snell, State University of New York at Buffalo

Wilson S, Stone (deceased), University of Texas

Daniel C. Tosteson, Duke University Medical Center

The Advisory Committee members suggested areas for study, reviewed the
data that had been collected, evaluated the findings, and formulated the
recommendations. |

Members of the staff of the Office of Scientific Personnel compiled the
data, carried out extensive tabulations and analyses, provided statistical
summaries, and in other ways assisted the committee. Fred D. Boercker,

- Director of Education and Employment Studies, Office of Scientific Person-

nel, was the chief staff officer for the project during its culminating phase.
He was assisted by Herbert Soldz, Manager of the Data Processing Section;
Clarebeth Maguire, Manpower Publications Coordinator; Catherine C.
Roberts, Administrative Secretary; George Boyce, Senior Programmer; and
Doris E. Rogowski, Supervisor of Coding and Secretarial Services. Lindsey
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R. Harmon, Direetor of Besearch, diveeted the projoct in its early phases and
provided helpful advice throughout its lifetime, Stanley 19 Bolin, Research
Prychologist, was rosponsible Tor much of the early planning aad holped
significantly to shape the study. Joseph C. Boyee, Deputy Divector of the
Oftice of Scientifie Porsonnel, followed the work elosely and expedited it in
RRULY Ways,

In addition, David R, Briggs, Departiient of Biochemistry, Universi-
ty of Minnesoty, and Lowiz P, Hellman, Maevland  Regional Medical
Program, served as professional consultants to the study. They aided in
technical planning and in assembling records and data,

Within the National Institute of General Medical Sciences, the statf
offiers most closely associated with the study were 4, H. U, Brown,
Assistant Divector for Operations; Solomon Schueyer, Chief, Program
Analysis Braneh; Trygve W. Tuve, Chief, Research Training Grants Branch;
and Robert H, MeCaaley, Deputy Chief, Research Training Grants Braneh,

Dr. Sehueyver was Project Officer for this study, and he was especially
helpful in supplying basie data and study documents from N1GMS to the
Academy staft.

It is hoped that the study was suceessful in obtaining answers to the
questions posed and that this report will be of use both to the aeademic
comniunity and to the sponsoring agency. Areas of program success have
been identified as well as areas where change seems desirable, The
deseriptions, etaluations, and recommendations contained here will have
served their purpose if they result in recognition that much has been
accomplished, but that much remains to be done in achieving the nation’s
health goals through improved biomedical education.

John A, D, Cooper William €. Kelly
Chairnu, Adeisory Conimittee Director, Office of
Study of Research Training Grant Programs Scientific Personnel

March 14, 1969

N



CONTENTS

' HIGHLIGHTS SUMMARY OF FINDINGS 1
' SUMMARY OF RECOMMENDATIONS 3
CHAPTERI INTRODUCTION 5

National Goals for Biomedical Education 6

Federal Programs 9

Graduate Education in the Biosciences 12

Numbers of Doctoral Bioscientists 14
Graduate Enroliment and PhD Production 14

Undergraduate Supply 15

Types of Support 17

Summary 19

CHAPTER Il SCOPE OF THE STUDY 20

Scope of the Study ' 20

Data Sources 21

Definitions 22

CHAPTERIII TRAINING GRANT SUPPORT AND IMPACT:

BIOSCIENCE DEPARTMENTS 24

Patterns of NIGMS Support to Bioscience Departments 24

. Support by Field 24
Support by Geographic Region 30

r o R Support by Type of Institutional Control 31
oL " Impact of Support on Bioscience Departments. 3l

-~ PhD Production e 31

Graduate Enrollments ' 36

Faculty and Scientific Environment 3

Physical Facilities 43

New Fields of Biomedical Science 44

- Clinical Research Training L 44

Summary 46




CHAPTER IV

CHAPTER V

APPENDIX A

APPENDIX B
APPENDIX C

TRAINING GRANT SUPPORT AND IMPACT:
BIOSCIENCE GRADUATE STUDENTS

Patterns of NIGMS Support to Bioscience Giaduate Students
Numbers and Characteristics of Those Supported
Amount of Support
Other Sources of Support

Impact of Support on Bivscience Students
Time Lapse to PhD
PhD Attainment Rate
- Factors Related to Doctorute Attainment’
Field Switching
Post.training Careers

Summary

RECOMMENDATIONS

Continuation

Level of Support

Patterns of Support and Administration
Continued Evaluation

History of Federal Government Support for Research and
Training in the Biomedical Sciences

NIGMS Academic Specialties Lists

State and Regional Summary of Graduate Education and
Financial Support in Selected Bioscience Fields

Page
47

47
47
49
56
56
56

65
65
65

3

75

75
76

78

80
89

91

’»



TABLES AND FIGURES

CHAPTER
Tables Page
1  Number of biomedical scientists with PhD degree in research and teaching
(1960 and 1965) and predictions for future needs (1970 and 1975) 8
2  Comparison of NIGMS and NIH appropriations for training, fellowship, and
research grants, fiscal years 1958-1967 10
3 Doctorates granted by field, fiscal years 1958-1967 13
4  Bioscience degrees awarded, fiscal years 1961-1967 16
. §  Percentage of June 1961 bachelors by undergraduate major and academic
performance index 17
Figures
1  Bioscientists as a percentage of all scientists awarded research doctorates in
fiscal year 1968 and as a percentage of all scientists with research doctorates .
in the 1968 National Register . 14
9  Trends in graduate enroliment and production of research doctorates (PhD’s)
by broad academic field _ 15
- CHAPTERIN . . . _
Tables
6  Number of departments granting research doctorates in nine bioscience fields,
departments with NIGMS training grants versus departments wnthout NIGMS
- training grants, fiscal years 1958-1967 - : 26 --- -
7 Total months of NIGMS support received by pre-PhD trainees and fellows
having first award in fiscal year 1965, by field of training 26
8 Number of departments, by median length of NIGMS traineeship in
department, fiscal years 1958-1965 29

vii




10

11

13

Figures

3

10

11

12

Goographic distribution of bioscience research  doctorates,  bioscience
graduate students, NIGMS traineeships and fellowships, and Federal academic

T seience suppurt

Trends in production of research doctorates, NIGMS-supported versus non-
NIGMS-supported departments of biochemistry, pathology, and biophysics,
fisval years 1953.1967

Jraduate ewrollment in biochemistry versus botany and zoology in
PhD-grauting institutions with and without NIGMS support in biochemistry

Trends in numbers of professional staff, NIGMS-supported versus non-NIGMS-
supported departments

Number of research doctorates granted and stipend and dependency support
for NIGMS trainees and fellows in five bioscience fields, fiscal years
1958-1967

Percentage distribution of NIGMS traineeship and fellowship support for stip-
end and dependency allowances,by training fields, fiscal years 1966 and
1967 combined

Median length of NIGMS traineeships at departments with training grants in
biophysics, biochemistry, or physiology, fiscal years 1958-1965

Regional distribution of bioscience research doctorates, bioscience graduate
students, and NIGMS trainees and fellows

Percentage of fiscal year 1967 bioscience research doctorates who had
received an NIGMS traineeship in graduate schoo’

Distribution between public and private universities of binscience research
doctorates, bioscience graduate students,.and NIGMS trainecs and fellows

Doctorate production in five bioscience fields, fiscal years 1958-1967

Average number of research doctorates awarded per < 'partment in three S-year

_periods, NIGMS-supported versus non-NIGMS-supported departments of bio-
- chemistry, biophysics, and pathology ‘ ~

Graduate enrollment in biochemistry versus botany and zoology in
PhD-granting institutions with and without NIGMS support in biochemistry,
1960, 1963, 1965 o S o :

Number of bioscience PhD’s and number of institutions granting bioscience
PhD’s, fiscal years 1958-1967

Growth rates in staff and expenditures for staff and growth rates in trainees
and stipends for trainees, by fiscal year 1960-1965 (fields of biochemistry,
biophysics, physiology, and pathology combined)

viii

Page

45

25

27
28

30

31

32

33

39 -



13

CHAPTER IV
Tables
14

15

16

17

18

19

20

21

22

23

24

25

Figures

14

Expenditures for professional staft as a percentage of total training grant
oxpenditutes, by field, fiscal years 1960-1966

Summary description of NIGMS trainees and fellows, tiscal years 1958-1967
combined

Number of NIGMS trainees, by tield of training and academic level, fiscal yeurs
1958-1967

Number of NIGMS fellows, by field of fellowship and academic level, fiscul
years 1959-1967

Median months of support and mediun amount of stipend and dependency
allowance received in each year by trainees and fellows, by academic level,
fiscal years 1958-1967 o '

Median total months of support and median total stipend and dependency:

allowance received by trainees and fellows by academic level and fiscal year
of first award

NIGMS trainee stipend levels compared with Consumer Price Index, fiscal
years 1958-1968

Time-line displays for selected trainees in biochemistry, showing years of
degrees, ycars of NIGMS support, and amounts of NIGMS support

Sources of financial support reported by bioscience research doctorates of
fiscal year 1967, NIGMS awardees compared with non-NIGMS awardees

Median time lapse from baccalaureate to doctorate (total time and registered
time) for fiscal years 1958-1967 research doctorates with or without NIGMS
pre-PhD traineeship or fellowship support, by field of training

Characteristics of NIGMS-supported pre-PhD’'s who did and who did not
attain the PhD as of fiscal year 1967

Field switching of NIGMS pre-PhD trainees and fellows who attained the doc-

_ torate, baccalaureate major—NIGMS training area—research doctorate major
AEmployer and primary work activity in 1J66-1968 of NIGMS pre-PhD

trainees who did or did not receive rescarch doctorates

Median number of publications (authored or coauthored) and citations

(excluding self-citations) appearing 1964-1967 for bioscience research

doctorates of 1961-1963, by field, with or without NIGMS support

Numbers of NIGMS trainees and fellows, fiscal years 1958-1967

Page

41

4y

50

51

52

52

54

54

57

58

. 66

71

48

0

ix



15

16

17

18

19

20

21

APPENDIXES
‘Tables

Al

A2

Refationship between vewr ot bacealaureate and years of tirst NIGMS
traineeship, tirst NIGMS  followship, and wsearch  doctovate,  pre-PhD
awutdees of 1958-1907

Pareentage of fiscal voars 1958-1967 bioscience research doctorates by time
elapsed tron baccalavezate to doctorate (total time and registered time),
NIGMS pre-Phl) trainees, fellows, and non-NIGMS-supported pre-Phi)’s

Years elapsed from baccalaureate to doctorate (total time) for NIGMS pre.
PhD’s, by total months of NIGMS support, tiscal years 1958-1967

Percentage of NIGMS pre-PhD trainees and follows attaining the PhD, by
years sinee the baccalaureate

First postdoctoral employer and primary work activity of fiscal years
1962-1967 bioscience research doctorates who had or had not received
NIGMS pre-PhD support

Primary work activity of NIGMS pre-PhD trainces immediately after
receiving a research doctorate and 4 to 7 years later; and for those without
research doctorates, 6 to 9 years after training

Median number of publications and citations appearing 1964.1967 per

 bioscience research doctorate of 1961-1963, with and without NIGMS

pre-PhD support

Numbers of graduate and postdoctoral students in the health sciences
receiving Federal support, by sponsoring agency, fiscal year 1967

Percentage distribution of total NIGMS training grant support, by training
field, fiscal ycars 1958.1968

State and regional summary of graduate education and financial support in
selected bioscience ficlds

55

59

60

68

69

87

88

92



HIGHLIGHTS

Summary of
Findings

SUMMARY OF FINDINGS
SUMMARY OF
RECOMMENDATIONS

® The Graduate Research Training Grant Program of the National
Institute of General Medical Sciences (NIGMS) provides support for
graduate student stipends and tuition and for strengthening the depart-
ments in which graduate training is given. Bioscientists with graduate
vesearch training of this kind are needed by society to:

continue the contributions of research in providing & rational basis
for the maintenance of health;

provide staff for medical school departments to increase physician
manpower to meet rising expectations for the delivery of health care;
and :

provide faculty for the expanding bioscience enrollments of colleges
and universities.

® In providing authority for support of research training, the Congress
recognized the importance of an adequate number of biomedical scientists to
meet the nation’s needs. In 1958 the Division of General Medical Sciences
was formed within the National Institutes of Health, and in 1962 the
division was raised to “institute” status as the National Institute of General
Medical Sciences. The NIGMS was to “conduct and support research
training in the general and basic medical sciences and related natural or
behavioral sciences.” The Research Training Branch was to strengthen
research institutions and assist in the research training of competent

_graduate students.

@ In 1965, 30 percent of the pre-PhD bioscience graduate students

" received NIGMS training and fellowship grants, These grants accounted for '
approximately 26 percent of all stipend support and 16 percent of the total

income for these students during 1965.

@ Projection of future manpower requirements is dependent on the nature
of the assumptions made about key variables. Unassailable quantitative
projections of future need for biosicientists do not exist, but the qualitative
assessments of national committees and the quantitative studies that are
available all indicate a need for more research doctorates in the biosciences
during the coming decade than are now being produced. The existing
guantitative studies show the projected supply of doctorate-holding bioscien-
tists to be about half the projected demand. :



® The number and the quality of students in the undergraduate bioscience
“pipeline” scom adeguate to support a marked increase in the percentage
continuing to the PhD without lowering quality.

® The recent vapid growth of bioscience enrollments at the undergraduate
level, coupled with the less-than-average growth at the doetorate lovel,
indicates a less-than-adequate nuniber of well-qualitied college and university
staff available to teach the expanding undergraduate elasses,

® NIGMS support for graduate training in the biomedical sciences
through traineeship and fellowship programs varies by academic field. The
amount of stipend and dependency support, the percentage of doctorate-
granting departments having NIGMS trainees, and the median total months
of support supplied to students all veveal a great deal of variation among the
different bioscience fields.

® Regional distribution of NIGMS funds and graduate student support,
when compared with bioscience Phl) production and graduate student
enrollment, showed the New England and Middle Atlantic states receiving
proportionately more than the West North Central, West South Central, and
Mountain states. Likewise, private institutions received proportionately
mors NIGMS support than public ones. (It should be noted that balanced
geographical distribution was not a goal of the research training programs.)

® Comparisons between departments having NIGMS training grant
support and departments in matched fields without such support show that:

1. The gain in average PhD) production per department between
19568-1962 and 1963-1967 was markedly greater for the NIGMS-supported
departments than for nonsupported ones; smaller departments show the
greater percentage increases in PhD production as a result of NIGMS
grants, but larger departments show comparable gains in absolute numbers
of doctorates granted.

2. Full-time graduate student enroliment in biochemistry depart-
inents with NIGMS support increased much more rapidly than correspond-
ing enrollment in biochemistry departments without support (1960 to 1965).
Nonsupported fields (botany and zoology) in the same institutions did not
show these differences.

3. The number of PhD-granting departments in the biosciences
increased by one third during the decade covered by the study. Not all these
differences should be attributed directly to NIGMS training grant support,
but training support was a major factor enabling recipient departments to
grow as rapidly as they did.

® Anecdotal reports of training grant program directors and the personal
experience of the members of the Advisory Committee for this study indicate
a positive effect of the training grants on facnlty, curriculum, and physical
facilities. Faculties have been increased, new courses have been offered, and
important items of equipment have been obtained through training grant
support. Thus, in addition to producing more PhD's, the training grants
seem to have strengthened the training departments, although the effect is
difficult to quantify. : . S R

® A total of 28,503 persons received NIGMS training support in the
period 1958-1967. Of these, 23,380 were “‘trainees only”; 3,769 were “fellows
“only”; and 1,364 received both traineeship and fellowship support. After a
period of initial growth, the number of NIGMS-supported trainees and
fellows leveled off in 1965 at approximately 7,700 and 1,100 per year,
‘respectively.

® The typical pattern of support was to use traineeship funds to support
the student during his first one or two years of graduate work and then to




SUMMARY OF
RECOMMENDATIONS

shift him to some other torm of support such as an NIGMS fellowship or,
perhaps, a research assistantship, for the romaining two or three years uuntil
he contpleted the Phl,

® During the course of their graduate study, the NIGMS-supported
students did receive support from other sources, but they were much less
likely to be dependent on their own earnings or on research assistantships
than non-NIGMB-supported bioscience graduate students,

® The bacealaureate-to-1'hD time lapse for NIGMS tramees and fellows
was one to two years less than for non-NIGMS-supported doctorate
recipients in matched fields and from matched graduate departments.

@ The PhD-attainment rate for NIGMS-supported students compared
favorably with rates reported for other programs in the fow similar studies
available, Abont 50 percent of the pre-Phl) “trainees only” ultimately
attained the Phl); 80 percent of the “fellows only” attained the degree, and
85 percent of the “trainee-fellows” received Ph1»s, This compared with a 76
percent attainment rate for all National Science Foundation bioscienee
fellowship awardees who were first-year graduate students in 1955 and 1956
and a 45 percent attainment rate for National Defense Education Act
(NDEA) fellowship recipients of the period 1960-1963.

® The NIGMS training program drew heavily for student input from
baccalaureate majors in chemistry and other nonbiological sciences. Howev-
er, most trainees (59 percent) who received PhI)’s indicated their Phl) fleld
to be the same as the training field,

® A larger proportion of doctorate recipients with NIGMS support
assumed immediate postdoctoral research fellowships than did those without
this support but from the same group of departments,

® As the doctorate-recipient group gains professional maturity, it per-
forms more diversified functions. By 4-7 years after the doctorate, the
proportion of former NIGMS trainees engaged primarily in research
(including postdoctoral fellowship research) dropped from 76 percent to 57
percent. The percentage in administration and in teaching increased.

@ Forty-five percent of the trainees who did not attain the PhD found
employment in universities or hospitals and were engaged in health-related
activities. The training programs are therefore contributing skilled persons
t‘c the biomedical manpower pool in addition to those who attain the doctoral
degree. '

® Doctorate recipients supported previously by NIGMS training grants
produced, on an average, more publications of higher quality (as judged by
the number of citations to their work in the literature) than those without
NIGMS support and from matched graduate departments.

® Recommendation: Although the rapidly changing character of graduate
education hampered evaluation of the effects of the Graduate Research
Training Grant Program on total bioscience PhD production, the program
did have measurable positive impacts on the departments and on the
students. The program, therefore, should be continued.

® Recommendation® The number of students supported annually by the
NIGMS training grants should be determined by the national need for
high-level bioscience manpower. Until wide-ranging studies of societal need
for such manpower for research, teaching, and administration can be
completed. it is recommeuded that the results of recent studies be accepted to
establish temporary manpower goals. These available studies suggest that
the annual rate of bioscience doctorates should be increased—perhaps
doubled—to meet future requiremoents,




® Recommendation: The stipend level for pre-PhD NIGMS traineces
showld be inereased. An initinl inerement of 25 percent should be made, and
thereatter stipends should be related to the costeof-living index.

® Recommendation: A cost-of-education allowance equal at least in
amount to the stipend allowance should be provided by NIGMS to be used in
improving the research training capability of the department,

® Recommendation: The present NIGMS poliey of utilizing peer judg-
ment by competent bioscientists in the selection of review and advisory
committees should be continued, However, broader representation of the
bioscience professional community should be sought in such consultation.

® Recommendation: It should be possible to move students on and off
training grants as loeal conditions demand. Any student who has been
supported at any time by the training grant should be credited to the
training grant program when evaluating the effectiveness of the program.

® Recommendation: Present NIGMS policies, which (1) emphasize pre-
doctoral training; (2) attempt to balance support between on-going pro-
grams and new programs in departments where quality can be developed;
and (3) continue departmental support for new programs for a minimum of
five years, are effective and should be continued.

® Recommendation: The NIGMS Graduate Research Training Grant
Program should have among its goals that of providing an opportunity for
the educationally and culturally disadvantaged to pursue careers in biomedi-
cal research, It should be recognized that such students may require more
support than currently enrolled students. Such programs should be evaluated
carefully to see that they have attained their stated objectives, making
allowances for the beginning level of the students.

® Recommendation: Periodic evaluation of the NIGMS training program
is desirable, Future evaluation would require the continued collection of data
describing the various aspects of the program, including quality aspects, as
objectively as possible. However, there will continue to be a need for expert
subjective evaluation of these programs.




CHAPTER 1

INTRODUCTION

NATIONAL GOALS FOR BIOMEDICAL EDUCATION
FEDERAL PROGRAMS
GRADUATE EDUCATION IN THE BIOSCIENCES

. ’ Numbers of Doctoral Bioscientists
Graduate Envollment and PhD Production
Undergradnate Supply
Ty pes of Support

SUMMARY

The Graduate Research Training Grant Program of the National Institute
of General Medical Sciences (NIGMS) provides support for graduate student
stipends and tuition and for strengthening the departments in which
graduate trdining in the biomedical sciences is given. Training grants are
designed to increase the number of research-trained bioscientists and to
enhance the quality of their education. These scientists are needed both to
achieve the biomedical research goals:of the nation and to provide an
important source of faculty for the expanding enroliments of colleges,
universities, and medical schools.

The immediate purpose of this study was to collect and analyze data
that would describe objectively the accomplishments of the NIGMS trainee-
ship and fellowship programs during the past decade. This information was,
in turn, to provide a basis for recommendations concerning policy decisions
affecting these programs. However, the study has broad implications for

 biomedical education in the United States and for its contributions to
national needs. The period covered by the study was one of rapid expansion
_of higher education, especially graduate education; it was one of rapid
--change in national goals for science; and it was a period in which the
emphasis of Federal support to graduate education began to change
radically, including changes in fellowship and traineeship support. The
recommendations growing out of this study are based on the evaluation of
the accomplishments of the NIGMS training programs over the past decade,
and also on the projections of the needs and functions of these programs in
the coming decades. It is first necessary, therefore, to examine the national
goals toward which the training programs have been directed and to become
aware of the milieu within which they have operated.
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NATIONAL GOALS
FOR BIOMEDICAL
EDUCATION

Biomedical scientists perform a wide variety of functions, and they provide
soclety with many eritically needed services, Among the most important of
the societal needs served are: (1) contributions of biomedical research, not
only in acquiring a better understanding of living systems and disease and
providing a more rational basis for the maintenance of health, but also in the
improvement of man's environment. (This vesearch is at the cutting edge of
modern seience, It is an undertaking with great social relevance.); ¢2) staff
for schools of the health professions to permit them to inerease the
manpower needed to meet society’s rising expectation for better health care;
and (3) faculty for teaching the rapidly expanding numbers of students of
the biosciences in colleges and universities.

Every national assessment of health needs in the United States has
identified traineeships and fellowships as important mechanisms for increas-
ing the quality and quantity of research-trained bioscientists to meet these
needs. The following statements from committee reports support these
views,
@ Report of the Committee of Consultants on Medical Research to the

Subcommittee on Departments of Labor and Health, Education, and

Welfare (1960):!

The Committee of Consultants began its review of the Federal
program in support of medical research with certain assumptions
which it found to be sound on the basis of information obtained and
the opinions heard in the course of its survey. These assumptions
have now become firmly held convictions.

(1) The health of the people is the greatest resource of the Nation,
absolutely vital to its welfare, economy, and security.

(2) The present state of the Nation's health, although greatly-
improved since the beginning of the century, is still far from the goal
of assuring that as many of our population as possible live full and
active lives, not warped or blighted by disease. . .

(3) The only way we can hope to lessen this burden in the future is
through progress in medical research and the practical application of
research findings.

(4) Medical research has already proved its value in both humanitari-
an and economic terms. . . :

(5) The American people have demonstrated through their Congress
and through their private voluntary contributions that they consider
it essential and urgent to support a determined attack on the dread
diseases through research.

(6) The magnitude of that attack and the program of medical
research to be supported will be determined by the degree of urgency
felt by the people of the United States in obtaining answers to the
problems of prevention and treatment of serious disease. The
Committee believes the urgency is such that it can be satisfied only by
the maximum utilization of the medical research potential of the
c%untgy. as well as the contributions of competent investigators
abroad. -

- The research grant, traininﬁ grant, and fellowship programs of the
“National Institutes of Health over the past 15 years have constituted

- the most important single force in raising the standard of medical
research, teaching, and practice in the United States to its present
high level. It is of paramount importance that these programs receive
support in proportion to the rate of growth anticipated,

1U.S. Congress, Senate, Federval Support of Medical Researeh, 86th Cong,, 2d Sess,,
May 1960 (Washington: U.S. Government Printing Office, 1960), Introduction, pp. xxv,
Xxvi,



@ The President’s Commnission on Heart Disease, Cancer and Stroke
(1964);2

Many factors combine to increase the demand for additional manpows
er across the entire range of the health sciences. The expanding
popttlation, the rapid growth of its aging component, and other social
forees are ereating demands for medical care far beyond the present
capacity of practicing health ‘n'ofessiunals. The swift growth of
biomedical seiences ereates parallel demands for inereasing numbers
of highly trained seientists, Moreover, developments in both research
and the practice of medicine have led to the ereation of new technical
and supportive disciplines—essential to high-quality work—which
are in very short supply. -

The alucation of a physician or a research scientist requires many .
vears, This lo g lead time precludes overnight attainment of manpow-
er goals, But action now is essential if we are not to drop still further
behind. Faced with overwhelming needs and inadequate resources, the
Commission recommends programs of intensive effort for manpower
development.

Research is conducted by the minds of trained scientists, It is in the
national interest, therefore, to insure a continuing and expanding
supply of biomedical scientists adequately trained to guarantee the
quality of health research tomorrow.

-The funding instrument most suitable to the task of assisting the
university, or other research-educational organization, in providing
such advanced training is the “training grant.” This instrument
permits local identification of young men and women with research
potential, provides them with appropriate stipends and, equally
important, by diverse means assists the institution to improve the
quality of research training while enlarging its capacity for so doing.

@ Report to the Committee on Science and Astronautics, U.S. House of
- Representatives, by the National Academy of Sciences (1965):%

The biomedical sciences are concerned with man, Their objectives are
elimination of abnormalities, prevention or cure of diseases, and
prolongation of lives.

More students of high intelligence and promise are needed in both PhI)
and MD educational programs. Additional Federal sgsport fordoctoral
education and post-doctoral training is recommended.

® A Report to the President on the Research of the National Institutes
of Health (1967):4 _

In the long run the state of health in this country and the individual
citizen’s prospects for a long and productive life depend on the
initiative and imagination with which our scientists and research
- workers pursue the advancement of knowledge and the conquest of
obstacles that bar its fullest utilization. Thus the basic strategy of our
Federal health effort is to emphasize those activities, such as
research, which, in the long run, will improve in 4 fundamental way
the health prospects of the Nation. . I

<4 National Pragram ta Conquer Heart Digease, Cancer and Stroke, 1 (Washing-
ton: U. 8. Government Printing Office, December 1964). Part ii, Chapter vi, p.53.

agic Researei and National Goeals (Washington: U.S. Government Printing
Office, 1965H), pdll.

1U.S. Department of Health, Fducation, and Welfare, July 1987, The Advancement
af Knowledge for the Nation's Health (Washington: U.S. Government Printing Office),
Letter of transmittal of the report Lo the 'resident.




TABLE 1

?&mber of Biomedical Scientists with PhD Degree in Research and Teaching (1960 and 1965) and Predictions for Future Noeds (1970 and
§)

o : , _ ,
Number of Biomedical Scientists with a PhD Degree

1960 1968 1970 1975
(Actua)  (Actual) (Projected)®  (Projected) ¥

TOTAL 16,000 20,400 28,000 38,500
MEDICAL SCHOOLS

Basic Science Departments 4,100 5,500 7,300 9,700

Clinical Departments 1,800 2,200 3,000 4,500

New Medical Schools —— —~——— 1,000 1,600
DENTAL SCHOOLS (RESEARCH) 700 900 2,100 3,000
VETERINARY, PUBLItC HEALTH, AND PHARMACOLOGY SCHOOLS (RESEARCH) 600 1,000 1,600 2,100
NONMEDICAL SCHIOLS (TEACHING BASIC SCIENCES) 3,100 3,800 4,400 5,900
NONACADEMIC INSTITUTIONS $,100 6,200 . 7,200 9,800
SUPPORT FOR HEART DISEASE, CANCER AND STROKE, AND REGIONAL ——— - 200 500
MEDICAL PROGRAMS
ATTRITION 600 800 1,000 1,400

#
%Data for 1970 and 1975 and projections based on 1960-1965 increments.

Source: Brown and Stone, The Journal of Medical Education, XL, No. 6 (1967).

Each of the above statements implies a need for increased numbers
of biomedical scientists if national health care requirements are to be met.
Can the magnitude of this need be quantified? Projection of manpower
requirements is an uncertain and perilous process, wholly dependent
on the nature of assumptions made about trends in a series of key variables.

One estimate of the magnitude of the need for biomedical research
manpower has been made recently by Brown and Stone.* (See Table 1.)

They conclude that:

Calculations from these data indicate that the average annual
increment required between 1960 and 1965, 1965 and 1970, and 1970
and 1975, to produce the needed biomedical personnel is 850, 1500,
‘and 2100 individuals, respectively. In contrast, the average annual
PhD production in the basic medical sciences for these 3 five-year
periods is 637, 800, and 975, respectively. o .

The projected supply of bioscience PhD's, according to their study, is thus
about half the projected need.

A second estimate of future need for biomedical manpower has been
published recently by NIH.® The NIH “best judgment” projection (1966-

55.H.U. Brown and Frederick .. Stone, *Manpower in the Basic Medical Sciences,”
The Journal of Medieal Edueation, X111, No. 8 (1967), p. H03.

$U.S. Department of Health, Education, and Welfare, Kesonrces for Medical Re-
seareh: Biomedieal Manpower for the Kighties (Washington: U.S. Government Printing
Office, 1968), p 40,
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1085) indicates a need for almost 100,000 new PhD’s during the 20-year
period for biomedical reseaveh,

. Although not concerned primarily with bioscience manpower, the
x'eceiltly published report of the National Science Board® projects the
expenditures for graduate education in the United States fo rise from $7
billion in 1970 to $19 billion in 1980.

It is not within the domain of this study to evaluate the soundness of
the assumptions and the resulting accuracy of the above projections,
However, these are the most complete and pertinent studies available, The
statistics they present all indicate a need for more bioscience manpower at
high levels of education during the coming decade than is now being
produced. These data agree, in turn, with the qualitative comments quoted
previously. Until additional authoritative information becomes available, the
present studies would indicate a need to increase the number of persons in
graduate training in the biosciences,

Support for research and development by the Federal Government comes
from the recognition of the importance of science and technology to the
welfare and security of the country. Relatively little support was made
available by Congress before World War I. Contributions to the country’s
defense by scientists during that conflict stimulated considerable govern-
mental support of research-and-development projects, both military and
civilian. Federal interest and funds for such purposes continued to increase
during the postwar period of the 1920's. However, it was left largely to
private philanthropic organizations to provide the major support of basic
research during this period. After the depression of the early 1930’s, the
pattern of support gradually changed from the private to the public sector,
and this trend was greatly accelerated during World War I1.

Meanwhile, the scere and responsibilities of the Public Health Service
(PHS), established in 1912, were broadened by Congress to include support
of research training. In 1930, the Hygienic Laboratory was redesignated by
an Act of Congress as the National Institute of Health (NIH). In this
legislation (PL 71-251) the first authority was given for the establishment of
fellowships within the NIH. The Institute was authorized to assume training
responsibilities in the area of its interest.

By 1950, seven institutes had been authorized and established as
components of the “National Institutes of Health.” These were:

National Cancer Institute :
National Institute of Mental Health
National Institute of Dental Research
National Heart Institute
National Institute of Allergy and Infectious Diseases
National Institute of Arthritis and Metabolic Disesses
. National Institute of Neurological Diseases and Blindness

The authority for the support of training and instruction was rather
specifically pointed to “professional training relaied to the cause, prevention,
methods of diagnosis, and treatment” of the particular disease or group of
diseases constituting the scope of activity of u particular institute. Restric-
tions in the responsibilities and prerogatives of the institutes avising from
their “disease orientation” or categorical designations severely restricted the
areas of training that could be supported by an institute. To make possible
training programs and research programs that were concerned with the .
problems of more than one institute, and not necessarily categorically

“National Science Board, 1989, Gradnate Education: Parameters for Publie Policy
(Washington: U.8. Government Printing Office), p. 159.
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TABLE 2

Comparison of NIGMS and NIH
Appropristions for Training,
Fiscal Years 1958-1967

Fellowship, and Research Grants,




orfented, a new Division in the NIH, the Division of General Medical
Sciences (DGMS), was formed by congressional directive in June 1958, It
was established to promote “research and training through grants in all
seientific tields basic to general medicine, aging and public health, including
the clinical and pre-clinical sciences.” Thus, for the first time, Congress
directed the Public Health Service to support training in the basic sciences
without requiring that this training be associated with a particular disease
or condition.

In 1962, under PHS Act Amendments (P1, 87-838), the Division of
General Medical Sciences became the National Institute of General Medical
Sciences. Section 301 (d) of this act stipulated that the phitase “rescarch or
research training projects” be used to replace the more limiting phrase,
“research projects,” contained in the original, thereby providing more
explicit legislative authority for the training programs of the entire Public
Health Service,

The major goals of NIGMS have been stated by its director Frederick L.
Stone.® : .

The Division of General Medical Sciences is the principal unit of the
National Institutes of Health responsible for research training and
fellowship programs in the fundamental biomedical and health-related
sciences. These training programs are designed to help meet the
requirements for training scientific manpower in the shortage areas
represented by the fields basic to medicine and health, and to help
meet the growing needs of the Nation’s medieal schools and other
research institutions for academic and research personnel in both
present and future faculties.

The goals of the work of the Research Training Branch of the Division-
can be summarized as follows:

To strengthen research institutions and increase their potential for
training scientists;

To assist in the continuing research training of competent, highly
motivated students through the graduate and professional schools of
the universities; .
To expand the opportunities for intensive training of predoctoral and
postdoctoral candidates in additional research institutions wherever
appropriate; '

To provide increased numbers of stable career opportunities for

scientists of superior potential and capability in the sciences related to
health; and

To encourage and support the greater utilization of training manpower

to improve the teaching and training functions of the universities and
research institutions,

Thus the training programs are expected not only to prepare biomedical
- research scientists but also to provide the faculty for medieal schools,
-colleges, and universities, '

Since 1958, DGMS and NIGMS grants have constituted a major
source of support for graduate students in some 30 disciplines in the basic
medical sciences. Table 2 compares expenditures for such support by NIGMS
and by all of the NIH. Between 1958 and 1962, NIGMS accounted for an
increasing percentage of total NIH appropriations, but between 1964 and
1967, the NIGMS proportion of the total NIH appropriations decreased for
both research and training grants. Although NIGMS accounted for 22
percent of the NIH money appropriated in fiscal year 1966 for traineeships

*U.8. Department of Health, Education, and Welfare, Researeh Trining Programs

of the Division of General Medical Sciences (Publie Health Service, 1962) Publication No.
65, ppov-vi,
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and fellowships, they supported 34 percent of the students receiving NI1H
training and fellowship aid. This is partly explained by the fact that NIGMS
support is largely for predoctoral students, and other institutes have more
postdoctoral students with higher stipends.

More detailed historical information about Federal programs for
support of graduate training in the biomedical sciences-is presented in
Appendix A of this report, Table Al shows that of the 14,216 graduate and
postdoctoral students in the health sciences supported by all Federal
agencies in fiscal year 1967, the N1H supported 10,744, or 75 percent of
these. Therefore, since NIGMS accounts for approximately one third of the
total NIH effort, NIGMS funds account for approximately 25 percent of all
Federal trainceships and fellowships. The only other Federal agency
supplying appreciable support to the biosciences was the National Science
Foundation, which supported 1,179 persons, or 8 percent of those supported
by the Federal Government,

Biomedical scientists receive their advanced education in the graduate
schools of the nation’s universities, The past decade has been a period of
rapid growth and change in graduate schools. These changes provide a
shifting backdrop against which the effects produced by the NIGMS training
prograin must be measured. If graduate education had been in a steady
state, or in a more steady and even state of growth, it would have been much
easier to evaluate the effects of NIGMS training programs on the course of
development. But such was not the case. |

During the ten-year period, 1958 through 1967, the number of re-
search doctorates awarded more than doubled (Table 3). Growth occurred
in each of the seven summary fields shown in the table, but the rate of growth
varied. Engineering led with an average rate of increase of 17.1 percent per
year, almost double that for all fields (9.8 percent per year), The physical
sciences, arts and humanities, professional fiélds, and education increased at
about the average rate of 10 percent per year, and the social sciences and
biological sciences experienced an 8 percent per year increment.

Although the growth rate in doctorate production for all bivlogical
sciences combined was somewhat below average, examination of the fields
within the biosciences reveals a great variety in growth rate for individual
disciplines. The newly emerging field of biophysics shows the most dramatic
rate (almost 19 percent per year). Older fields, such as anatomy and
physiology, which have developed new and exciting approaches in their
research, have had a renaissance in recent years. Recognition of the
importance of knowledge about large biological systems in the face of
mounting concern about our environment is attracting students into
ecology. Biochemistry, even though modern in its approach, had already
reached a level of maturity earlier. Botany, zoology, and the agricultural
sciences have not grown as rapidly as the other biosciences.

.

The footnoted fields in Table 3 are those that have received appreci-

‘able amounts of NIGMS support through training grant or fellowship pro-

grams. The reader should be wary, however, about judging the effects of a
training program simply in terms of these growth rates. The effect of the
training program on doctorate production is really the difference between
the observed growth rate with the training grants, minus the growth rate
which would have resulted had the grants not been available. Biophysics
very likely would have experienced an increase even without traineeship and
fellowship support, but probably somewhat less than the observed 19 per-
cent. Likewise, microbiology may have fallen even below its observed 6.6
percent rate without such support. A more careful study of the effects of
NIGMS training grants on octorate produciion in departments is presented
in Chapter 111 (Figure 9, Table 10).

12
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FIGURE 1
Bioscientists as a percentage of all scientists awarded a research doctorate in fiscal year 1968 and as a
percentage of all scientists with research doctorates in the 1968 National Register.

RESEARCH DOCTORATES AWARDED SCIENCE RESEARCH DOCTORATES
IN SCIENCE, BY FIELD. FY 1968 IN 1968 NATIONAL REGISTER

Biosciences &
Health Sciences

Biosciences &

Health Sciences
Agricultural
Sciences

Agricuitural

Sciences )

Source: National Research Council, Office of Scientific Personnel, Doctorate Records File,
National Science Foundation, Reviews of Data on Science Resources (No. 16, December 1968).

Numbers of Doctoral  Almost one fourth of all science PhD's granted and one sixth of all PhD's in

Bioscientists  the National Register of Scientific and Technical Personnel are in the
biosciences. Excluding agricultural fields, bioscientists accounted for 12
percent of all PhD's granted in fiseal year 1967 and 23 percent of the
total seicnce PhD's for that year? In comparison, the 1968 National
Register of Scientific and Technical Personnel maintained by the N ational
Seience Foundation lists over 111,000 PhD scientists, and 22,344 of thost
(20 percent) are nonagricultural bioscientists (Figure 1).

In addition to the 22,344 PhD) bioscientists. the Registor includes
7,455 bioscientists with professional doctorates such as the MD. However,
this total of 30,000 persons represents less than 0.3 percent of all professional
workers in the United States and a mere 0.03 percent of the total labor force.

Graduate Enrollment  Examination of data describing trends in graduate enrollment and PhD
_and PhD Produection production reveals that Federal support, which has been directed primarily
to science and engineering, has not destroyed the balance among the various
' academic fields (see Figure 2 and Table 3).

The distribution of graduate student enrollment and PhD production
“has demonstrated a remarkable stability. Sven though the sciences have not
dominated graduate education, it does not follow that Federal support for the
‘sciences and engineering has had no impact, but its consequences are
complex and moderated by the nature of educational institutions. Availabili-
ty of Federal funds for graduate programs in science has -permitted
universities to use other funds for disciplines with less support, such as the
arts and humanities, and thus maintain balance in development of the

institution.
On a lesser scale, the NIGMS training grants to bioscience depart-
- ments have had similar effects. These funds, although restricted in their use
: for specific programs, do free other departmental funds for other uses.
Students not supported by the grant benefit indirectly. The strengthening of
the department through an increase in faculty size and the acquisition of

N ational Academy of Sciences, Summary Report 1967, Doctorate Reeipicuts fron
Uwited State s Unieersities (Washington: National Academy of Sciences, 1H68),
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Undergraduate
Supply

FIGURE 2
Trends in graduate enroliment and production of research doctorates (PhD's)
by broad academic field.

GRADUATE ENROLLMENT PhD PRODUCTION

. Lo

FY 1961 FY 1964 FY 1966 FY 1958 FY 1963 Y 1967

SCIENCE FIELDS

Source: U.S. Office of Education, Enroliment for Advanced Degrees (pu.blication series
OE-54019).

National Research Council, Office of Scientific Personnel, Doctorate Records File.
equipment from grant funds benefii- all persons in the department. This
cannot have other than a desirable effect, but it does pose obstacles to easy
assessment of the training grant programs.

Growth of graduate student enrollment and PhD production in a field
depends obviously upon the availability of potential graduate students in
undergraduate nrograms. If one goal of the NIGMS training grant program
is to increase the number of doctorates in the biosciences, there must be an
adequate number of able undergraduates capable of undertaking graduate
work. To determine if this pool of students is available, it is important to
know both the number and quality of bioscience baccalaureates who might
enter graduate work.

Bioscience graduate students are not as homogeneous in baccalaure-
ate background as those in other natural sciences, and few studies report
ability measures of bioscience baccalaureates. Slightly more than 62 porcent
of the bioscience PhD’s were bioscience majors as undergraduates. In
contrast, 76 percent of the physics PhD’s and 85 percent of the chemistry
PhD’'s were physics and chemistry majors, respectively, as undergradu-
ates.!" The data in Table 4 indicate relative sizes of the baccalaureate

100)octorate Recipients from United Statcs Universilies, 1958-1966 (Washington:
National Academy of Sciences, 1967), pp. 45 and 2562.
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TABLE 4
Bioscience Dogrees Awarded, Fiscal Years 1961-1967*

TR
Bioscience Bioscience Bioscience

Fiscal Baccalaureatcs Master's Degrecs Research Doctorates
Year Number % All Bace. Number % All Master's Number % All PhD's:
1961 27,579 8 4,004 5 1,344 13
1962 28,375 7 4,293 ] 1,506 13
1953 31,092 8 4,945 5 1,611 13
1964 34,398 7 5,596 6 1,846 13
1965 36,888 8 6,134 s 2,103 13
1966 42,064 8 7102 ] 2,297 13
1967 44,991 8 8,420 s 2,518 12

I IIR————r e
Apioscience includes all biological and health science specialties but excludes agriculture and forestry.

Source: U.S. Office of Education, Eatned Degrees Conferred, Publication series OE-54013.
National Research Council, Office of Scisntific Personnel, Doctorate Records File.

bioscience pool and the doctorate output for the years 1961-1967. Chemistry
majors also constitute a large source of graduate students in the biosciences.

The number of bioscience PhD)’s is about 9 percent of the number of
baccalaureate degrees awarded 5 years earlier. For physics and chemistry
this proportion is 15 to 20 percent. Therefore, if the quality of the bioscience
baccalaureate group is good, an adequate number of graduate students
vould be available for a substantial increase in PhD output. A recent study
by the National Opinion Research Center (NORC) of June 1961 U.S. college
graduates indicates that bioscience baccalaureates compare favorably in
academic performance with those from other disciplines.!' In the study
academic performance was measured by a weighted grade point average

" called the “academic performance index.” The weightings were designed to
equate grades in different subjects within institutions. The results are given
in Table 5.

Between 19 percent and 26 percent of the bioscience baccalaureates
ranked in the top 20 percent of all graduates based on the academic
performance index, and between 58.9 percent and 56.6 percent were above
the 50th percentile. By this measure the bioscience group has proportionate-
ly as many abie students as most other fields. Therefore, an increase in the
number of graduate students in the biomedical sciences is possible without
sacrificing quality.

A summary of data available from the U.S. Office of Education
concerning growth of undergraduate and graduate enrvllments and degrees
- for the past decade shows the following patiern of increases during the

period indicated: : - . S BRI

Biosciences
(excluding health & agr.) All Fields
College freshmen 1958-1968 NA + 93%
Baccalaureates 1958-1967 +101% + 66
1st year grad. students 1961-1968 +113 + 117
Master’s degrees 1958-1967 +163 + 141
Research doctorates 1958-1968 +136 + 159

These data show that the biosciences have been growing much faster
than the total of all fields at the undergraduate level; they have kept pace

' James A. Davis, Great Aspirations: Volume One, Career Decisions and Educa-
tional Plans During College, National Opinion Research Center (University of Chicago,
March 1963).



TABLE §
Percentage of June 1961 Bachelors by Undergraduate Major and Academic Performance Index®

Peicentage of Bachelors Grouped by
Academic Performance Index (in percentiles)

Total
Undergraduate Major Fx‘(‘m‘f ll’:t!;ezl?d‘l‘e lz’:::e-:t?l? m;nﬂ‘l’el ower
BIOLOGY 1318 19.0 399 41.0
" BIOIOGICAL SCIENCESY 738 2.0 306 433
PreMEDICAL 487 322 49.0 18.6
OTHER HEALTH 1,753 18.1 Q24 39.3
AGRICULTURE 734 89 288 62.1
CHEMISTRY 1,482 277 36.1 36.1
PHYSICS 830 432 28.3 28.4
MATHEMATICS 1,298 3Ll 335 32
OTHER PHYSICAL SCIENCLS 467 18.2 38.3 434
ENGINEERING 4,967 19.7 4.6 45.6
PSYCHOLOGY 1,336 25.3 372 374
OTHER SOCIAL SCIENCES 4,334 21.6 389 394
HUMANITIES 8,560 304 385 31.0
EDUCATION 14,393 127 39.8 474
BUSINESS 7,038 8.5 30.1 61.3
OTHER PROFESSIONS 2,081 14.7 339 51.2
NOT ELSEWHERE CLASSIFIED 619 13.1 254 61.4

PR .~
@percentages may not sum to 100 because of rounding.

bArnatomy, biochemistry, botany. biophysics, entomology, genetics, microbiology, pathology, pharmacology, physiology, zoology, and other
biological s<iciices. ) 7

Source: Davis, J. A., Great Aspirations: Volume One, p. 538.

with the total in the first-year graduate enroliments and master’s degrees;
but they lag in the production of research doctorates. This lag, at the doctor-
al level, is not only of concern in terms of research, but it restricts the num-
ber of well-qualified staff available to teach the rapidly expanding under-
graduate classes in the biosciences. '

~ Types of Support Training grants constitute only one type of support for graduate education.
- "% - --—. - .- There are, in addition to personal sources of income, at least four types of
‘support for ecducation and training beyond the first degree. These
are: training grants, national fellowships, research grants (which lead to
employment of graduate students as research assistants), and university
fellowships or assistantships. Each of these provides a different kind and
form of support. In evaluating the NIGMS training grant program, its
impact on the quantity and quality of personnel available for research in the
biomedical sciences, and the capabilities of educational institutions to
provide these educational opportunities, some comparisons must be made
among the possible methods of support.
Training grants are oriented primarily toward research training.
They permit the departments great flexibility and responsibility for the
design and operation of their programs. Trainees, typically first-year
graduate students, are selected by the local program director. Cooperative
efforts of a group or all the faculty in a department are a necessary
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prerequisite for a grant. In some cases, interdisciplinary cooperation is
involved. Training grants provide funds for the development of faculty and
facilities as well as stipends for students, Opportunities to improve weak
aspects of graduate programs become apparent.

National and university fellowships and assistantships supply student
stipends, Although there is no direct support for the development of the
department or area in which training is provided, the cost-of-education
allowance does supply funds that can be used for such purposes, The national

fellowships that are awarded on the basis of academic ability usually have no
* limitations on the area of study, except for the broad field. National
fellowship holders usually seek training in strong departmente and thus
make little contribution to improving the quality of the graduate student
group in less-distinguished departments. Bioscience fellows are typically in
their second or third year of graduate work and are generally a morc select
group that the first-year trainees.

Research grants are directed toward the solution of specific problems
and thus are only secondarily related to education and training. They are
usually administered by a single faculty member and are not generally
concerned with the over-all strength of education and training in the
department. The allocation of faculty support and funds for supplies and
equipment is determined, quite properly, by the requirements of the
problem. Students may receive support from research grants, but their
status is more that of an employee than a trainee,

Graduate student support occurs in different mixtures among
universities and among disciplines within a university. The mixture of
support affects the quality and productivity of training programs for the
PhD, since it is clear that graduate education is intimately related to other
activities and resources of a department. There must be an adequate level of
research to attract and retain a competent faculty. Facilities and equipment
must be appropriate to the needs of the discipline. This has been recognized
by NIGMS in its selection of methods used to assess the potential of a
department to carry out the purpose of the training grant program,

To give some further perspective of the NIGMS training grant
contribution to graduate education in the biosciences, it is of interest to
make comparisons of NIGMS expenditures with certain total higher
education budgets. In fiscal year 1967, NIGMS spent $63 million on training
grani and fellowship programs. This was 47 percenc of its total appropria-
tion for that year, but it represented only 6 percent of the total NIH annual
budget!? and only 0.7 percent of the $9.6 billion “education and general”
expenditures of higher education for fiscal year 1966.!* There are no reliable
estimates available thui would indicate what portion of the $9.8 biilion was
used for bioscience graduate education, so it is not possible to say what
fraction of all bioscience graduate education was supported by the $63 mil-
lion in NIGMS grants. However, it is possible to provide rough estimates of
the percentage of all bioscience graduate students supported by MIGMS and
.. the proportion of their total expenscs derived from NIGMS funds.

Data from this study show that in fiscal year 19656 NIGMS supported
5,200 pre-PhD trainees and fellows, and provided $13,368,000 in stipend and
dependency allowances. A study of graduate student finances conducted by
the U.S. Office of Education! indicated that there was a total of 17,560
bioscience graduate students in fiscal year 1965. These students received a
grand total of $50,502,000 in stipend and dependency grants from all sources,
and their tota! income (stipend, earnings, borrowing, etc.) was $82,450,000.

12National Institutes of Health, Busic Duta (National lustitutes of Health, 1968),

13American Council on Education, A Faect Book on Higher Edncation, 24 Issue,
(Washington: American Council on Education, 1968).

4y.S. Department of Health, Education, and Welfare, Surrey of Academic and
Financial Status of Graduate Students, Spring 1965.



SUMMARY

Therefore, NIGMS supported about 30 percent of the bioscience graduate
students and contributed about 26 percent of their stipend support and 16
percent of their total income.

® ‘The Graduate Research Training Grant Program of the National
Institute of General Medical Sciences (NIGMS) provides support for
graduate student stipends and tuition and for strengthening the depart-
ments in which graduate training is given. Bioscientists with graduate
research training of this kind are needed by society to:

continue the contributions of research in providing a rational basis
for the maintenance of health;

provide staff for medical school departments to increase physician
manpower to meet rising expectations for the delivery of health care;
and

provide faculty for the expanding bioscience enrollments of colleges
and universities.

@ I providing authority for support of research training, the Congress
recognized the importance of an adequate number of biomedical scientists to
meet the nation’s needs. In 1958 the Division of General Medical Sciences
was formed within the National Institute of Health, and in 1962 the division
was raised to “institute” status as the National Institute of General Medical
Sciences. The NIGMS was to “conduct and support research training in the
general and basic medical sciences and related natural or behavioral
sciences.” The Research Training Branch was to strengthen research
institutions and assist in the research training of competent graduate
students.

® In 19656, 30 percent of the pre-PhD bioscience graduate students
received NIGMS training and fellowship grants. These grants accounted for
appr oximately 26 percent of all stipend support and 16 percent of the total
income for these students during 1965.

® Projection of future manpower requirements is dependent on the nature
of the assumptions made about key variables. Unassailable quantitative
projections of future need for bioscientists do not exist, but the qualitative
assessments of national committees and the quantitative studies that are
avaiiuble all indicate a need for more research doctorates in the biosciences
during the coming decade than are now being produced. The existing
quantitative studies show the projected supply of doctorate-holding bioscien-
tists to be about half the projected demand.

® The number and the quality of students in the undergmduate bioscience

~ “pipeline” seem adequate to support a marked increase in the percentage

continuing to the PhD without lowering quality.

@ The recent rapid growth of bioscience enroliments at the undergraduate

level, coupled with the less-than-average growth at the doctorate level,
indicates a less-than-adequate number of well-qualified college and umversxty
staff available to teach the expanding undergraduate classes.

® NIGMS support for graduate training in the biomedical sciences
through traineeship and fellowship programs varies by academic field. The
amount of stipend and dependency support, the percentage of doctorate-
granting departments having NIGMS trainees, and the median total months
of support supplied to students all reveal a great deal of variation among the
different bioscience fields.

® [Efficient support for a graduate bioscience department requires a
balanced distribution among training grants, research granis, and facili-
ties grants.



CHAPTER 1T

SCOPE OF
THE STUDY

SCOPE OF THE STUDY

SCOPE OF THE STUDY
DATA SOURCES
DEFINITIONS

In a letter of September 1, 1965 to Dr. Frederick Seitz, President of the
National Academy of Sciences, Dr. Frederick L. Stone, Director of the
National Institute of General Medical Sciences, requested assistance from the
Academy in conducting an “evaluative study” of the extensive NIGMS
training grant program. Specifically, the study was to concern itself with
such questions as:

What have been the patterns of NIGMS training grant support to
bioscience departments?

What impacts have the NIGMS grants had upon the
departments? Has PhD production been increased? What changes
were brought about in faculty strength, physical facilities, and
curricula? .

What have been the training support patterns for NIGMS trainees and
fellows? How many students have been supported in each bioscience
field? For how long? At whut point in their graduate careers? How
miuch support did they receive?

What percentage of the NIGMS pre-PhD trainees and fellows ultimate-
ly attain the PhD? How does the PhD attainment rate for the NIGMS
trainees and fellows compare with that of other graduate students? Is
the PhD attainment rate affected by patterns of NIGMS support?

" What is the baccalaureate-to-doctorate time lapse of NIGMS trainees
and fellows? How does it compare with the time lapse of doctorate
recipients in the same fields without NIGMS support?

What are the post-training careers of NIGMS trainees and fellows?
For what types of employers do they work? What are their major work
activities? How productive are they in biomedical research?

Although the descriptive statistics presented in Chapter III and IV
provide answers to these questions and are essential to the study, they are
not sufficient. The request from NIGMS was for an evaluative study and
called for interpretation and weighing of the outcomes of the program:
Which policies were successful? Which were not? What recommendations
for future action would be appropriate? These evaluations have been made
by an Advisory Committee of biomedical scientists, whose names are listed
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DATA SOURCES

in the Preface to this report, The committee had the assistance of staff
members of the Office of Scientifie Personnel (OSP) of the National Research
Council who gathered and tabulated the basic descriptive data, These data
were reviewed and interpreted by the members of the Advisory Committee,
who were also responsible for the recommendations made in this report,

The most important sources used by the OSP staff in assembling the basic
statistical data tfor the report were the following:

1. NIGMS records of trainees, derived from the “Statement of
Appointment of Trainee” forms submitted to NIGMS by training program
directors in bioscience departments, These forms contain identifying infor-
mation (birth date, sex, citizenship, marital status), academic degrees held,
degree sought, field of training, and months and dollars of support expected
to be received during the fiscal year, ,

2. NIGMS records of fellows derived from Fellowship Award State-
ments. These forms contain much the same information as the trainee
records. Months and dollars of support reported are actual, not estimated,
figures,

3. The OSP Doctorate Records File, a register of all earned research
doctorates from U.S. universities since 1920. The Doctorate Records File
contains identifying information, a complete listing of all educational
institutions attended and degrees attained, along with major fields of
degrees, sources of support in graduate school, and postdoctoral employment
plans. The file is compiled from the Survey of Earned Doctorates conducted
annnally by the OSP with the cooperation of the Graduate Deans. Research
doctorates in all fields are recorded, but professional degrees such as the MD,
DDS, and DVM are not included.

4. A follow-up survey conducted in 1968 of all pre-PhD trainees who
had received NIGMS support at any time during the period 1958-1962. Each
former trainee was asked to supply information ahout his post-training
employment experiences, including types of employers and principal work
activities, :

5. The National Register of Scientific and Technical Personnel
maintained by the National Science Foundation. The Register circulates a
survey questionnaire every two years to collect information that describes
the employment characteristics of scientists. These data were used to
supplement those from the follow-up survey of pre-PhD trainees (number 4
above),

6. Data from the Institute for Scientific Information “Source Index”

. and “Science Citation Index.” These data were used to show the number of

publications and number of citations per year for each NIGMS trainee who
received a PhD, Publication and citation rates were compared with.those for
PhD’s in matched fields who had not received NIGMS support.

7. The Report of Expenditure forms submitted by program directors
to NIGMS. These forms show the actual expenditures during the fiscal year
for stipends, dependency allowance, professional and other staff salaries,
equipment, travel, and supplies. Since the data were not on cards or tapes,
they had to be collected by means of a time-consuming, hand-coding process,
Therefore, only data for odd-numbered grants in four training fields were
collected.

8. The U.S. Office of Education (USOE) data on enrollment and
degrees, Each year, the USOE publishes books showing the numbers of
degrees granted by each college and university (Earned Degrees Conferred
series) and the number of graduate students enrolled (Enrollment for
Advanced Degrees series), These data are listed by institution within
academic major.
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DEFINITIONS

The sources listed as 1, 2, and 3 (traineeship records, fellowship
records, and Doctorate Records File) were merged and matched by name to
provide a master record showing the academic history, NIGMS-support
history, and doctoral attainment record of each trainee and fellow. This
master file provided information about individuals, training fields, training
institutions, and departments,

Sources 4, 5, and 6 (follow-up survey of trainees, National Register,
and Institute for Scientific Information) supplied information about the
post-training activities of NIGMS-supported persons. They described the
type of employer, major work activity, and research publication record of
former trainees. '

Data from sources 7 and 8 (Report of Expenditure forms and USGis
surveys), supplemented by tabulations from the master file, provided
information about changes that occurred in departments that received
training grants and in departments that did not.

Tabulations from the data sources listed above appear in Chapters 111 and
IV, Every effort has been made to make the table titles and column headings
as complete and self-explanatory as possible, and the text comments on any
unusual terms used. However, since most of the tables contain one or more of
the following nine terms, it is especially important that the reader
understand clearly the definitions of these terms before studying the
tabulations.

Trainee: Any person who had received support from the NIGMS
Graduate Research Training Grant Program for one or more months.

Fellow: Any person who had received an NIGMS fellowship award for
ohe or more months.

Trainee-Fellow: Any person who had been both an NIGMS trainee
and NIGMS fellow,

Fiscal Year (FY): The interval from July 1 through June 30. It
approximates the academic year. For example, fiscal year 19568 is July
1, 1957 through June 30, 1958, and is approximately the same as
academic year 1937-1958. In generai, the fiscal year is that in which
the student was in training as opposed to the fiscal year of funding.
Funds are normally appropriated and committed onc year ahead of the
year of expenditure,

Characteristics: Age, citizenship, sex, and marital status. Although
certain of these are variable, the characteristics of the person were
regarded as remaining fixed and were defined by his earliest NIGMS
training record.

Field of Training: The major field of research training for the trainee
or tellow. Although this field could change in the case of a person .

.- -'receiving more than one period of support, the field was considered
fixed and was defined by the earliest training record. Most of the
“tabulations specify 14 training fields plus “All other” and “Unknown.”
The subfield components of each of these major fields are listed in
Appendix B of this report.

Academic Level: The person’s level of formal education relative to
the professional doctorate or research doctorate degree as indicated on
the “Statement of Appointment of Trainee” form or on the fellowship
application form. The level was defined by the earliest NIGMS record
and was regarded as fixed for the entire period of training. Five
academic levels were specified:

Pre-PhD—a person who indicated he was seeking a PhD (or
other research doctorate, such as 1).Sc.) or a master’s degree.
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- Pre-MD-—a person seeking an MD or other professional
doctorate, such as DDS, DVM, etc.

Post-M D — any person who had attained a professional doctor-
ate prior to receiving his first NIGMS support.

Post-Phl) — any person who had attained a research doctorate
prior to receiving his first NIGMS support. A person who had
attained both a professional and a research doctorate was
classified as post-PhD.

Other-—includes students not candidates for a degree, pre-
nursing students, and those of unknown academic level.

Baccalaureate-to-Phl) time lapse: Two kinds of time lapse are
reported: “Total Time” reters to the totul calendar time between
baccalaureate and doctorate; *Registered Time” is the total time
registered in a nniversity full- and part-time, between baccalaureate
and PhD.

Median: The value below which 50 percent of the cases fall. For
instance, a median time lapse of 5.5 years would indicate that half of
the persons attained the doctorate in 5.5 years or less, and half
required more than 5.5 years.

The statistics resulting from the analysis of these data are usefu but
they contain some unavoidable inaccuracies. Some coding errors escaped the
checking procedure; some inaccurate matches resulted as data from different
sources were merged on the basis of trainee name, birth date, etc;
classification schemes for items such as academic specialties differ from one
data source to another; and some important itemis of information simply
were not available. Nevertheless, the over-all quality of the statistics in this
report is judged to be good. Data of poor quality have been eliminated.
Wherever possible, the consistency of data has been checked by comparison
of information obtained frgm independent sources. In general, agreement
was within +5-10 percent. The more recent data are more accurate.

The Advisory Committee reviewed a large amount of preliminary
data in computer-tabulated form, called attention to gaps in information,
selected tables that were the most critical for each section of the report, and
wrote draft copy of the report, interpreting and integrating the basic data.
The committee formulated the evaluations and recommendations.

The committee’s task of interpretation and evaluation was complicat-
ed by the rapid changes in graduate education during the period under study
(1958-1967). The many forces operating on educational institutions made it
very difficult to determine the specific effects of the NIGMS training
program. Every effort has been made in this report to call attention to those
factors that may have contributed to observed differences between NIGMS-
supported and non-NIGMS-supported groups.

) In spite of these difficulties, the study provides important information
on the NIGMS training program and its impact on 30,000 students, on their
careers, and on the training departments in which they were trained.
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CHAPTER 111

TRAINING GRANT SUPPORT
AND IMPACT:

BIOSCIENCE DEPARTMENTS

PATTERNS OF NIGMS SUPPORT TO BIOSCIENCE DEPARTMENTS
Support by Field
Support by Geographie Region
Suppert by Type of lustitutional Control

.

IMPACT OF SUPPORT ON BI1OSCIENCE DEPARTMENTS
PhD Prodaction
Graduate Enrollments
Faculty and Scientific Environment
Physical Facilities
New Fields of Biomediecal Science
Clinical Research Training

SUMMARY

PATTERNS OF NIGMS support for graduate training in the biomedical sciences through
NIGMS SUPPORT traineeship programs and fellowship programs varies by academic field. The
TO BIOSCIENCE amount of stipend and dependency support, the percentage of doctorate-
granting departments having NIGMS trainees, and the median total months

DEPARTMENTS of support supplied to students all reveal a great deal of variation among the ’
different bioscience fields,
Support by Field The distribution of stipend and dependency funds among the |
. biomedical fields in fiscal year 1966-1967 is shown in Figure 3. Biochemistry, N :

physiology, and microbiology ranked high in both traineeship and fellowship
programs. Chemistry and biophysics were leading fields for fellowship
support, but were not supported appreciably by traineeships. The converse
was true for pathology.

The percentage of departments within a given bioscience field having
NIGMS irainees varied from a high of 87 percent for biometrics'® to a low of

13Biometry was eurly identified as a field of critical shortage but one that could
not be supported within a “categorical” institute of the NIH, In 1853, well before the es-
tablishment of the NIGMS, the National Advisory Health Council adopted a resolution rec-
ommending that the Public Health Service aid institutes to undertake programs for train-
ing biometricians for research careers (see Appendix A, page 80 for details).




FIGURE 3

Percentage distribution of NIGMS traineeship and fellowship support for
stizend and dependency allowances, by training fields, fiscal years 1966 and
1867 combined.

Percentage of Total Stipend and Dependency Allowance
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- ocse - - Source: - NIGMS, Statement of Appointment of Trainee and Feliowship Award Statement.

45 percent for genetics. Four hundred of the 761 departments that granted
PhD’s in the nine fields listed in Table 6 received NIGMS training grants at
some time during the period fiscal years 1958-1967, and all of the
departments that were large producers of PhD'’s in the period 1953-1957
received some training grant support during fiscal years 1958-1967. The
400 NIGMS-supported departments accounted for 7,018 of the research
doctorates awarded in the nine fields between fiscal years 1958 and 1967, or
73 percent of the total, whereas the 361 departments in the nine fields
without NIGMS support awarded 2,533 research doctorates, or 27 percent of
the total.
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TABLE 6

Number of Departments Granting Rescarch Doctorates in Nine Bioscience Fields, Departments with NIGMS Training Grants veisus Depari.
ments without NIGMS Training Grants, Fiscal Years 1958-1967
o S

Total Number  Total Number With NIGMS Trainces Without NIGMS Trainees

of Departments of Phb's Awarded Depts. PhD’s Awarded Depts. PhD’s Awarded
Field of Training (100%) (100%) No. % No. % No. % No. %
BIOCHEMISTRY 132 3,286 66 SO 2,506 76 66 SO 780 24
PATHOLOGY 48 255 32 66 198 78 16 33 s7 22
PHYSIOLOGY 123 1,019 §9 48 665 65 64 52 354 35
MICROBIOLOGY 121 2,28 57 47 LT n 64 53 S14 23
PHARMACOLOGY 84 7.6 4 64 53 73 30 3 201 27
BIOMETRICS 23 140 20 87 136 97 3 13 4 3
ANATOMY 83 538 40 48 42 64 43 82 196 36
BIOPHYSICS 60 427 32 83 37 28 47 90 21
GENETICS 88 925 40 45 588 64 48 85 337 36

PR S A e e
Source: NIGMS, Statement of Appointment of Trainee. National Research Council, Office of Scientific Personnel, Ducivrate Records File.

T .

T:;L;ans of NIGMS Support Received by Pre-PhD Trainees and Feilows Having First Award in Fiscal Year 1965, by Field of Training
NIGMS Support of NIGMS Support of
Prc-PhD Trainees (in Months)? Pre-PhD Fellows (in Months)?

Ficld of Training Qi Q2 Q3 Q1 Q2 Q3
TOTAL All Fields 10.5 194 296 12.8 23.2 24.6
BIOCHEMISTRY 10.7 17.2 274 22.1 234 24.7
PATHOLOGY 35 109 26.3 ——— - ———
PHYSIOLOGY 10.2 186 29.0 119 22,6 24,2
MICROBIOLOGY 10.2 18.1 30.5 11.8 226 24.6
PHARMACOLOGY 11.8 24.8 4.8 22.2 235 249
BIOMETRICS SRR S 150 223 296 .
ANATOMY 111 22,6 323 ‘ 11.8 22,6 24.5
BIOPHYSICS e 223 312 128 230 244

. GENETICS 11.6 23.0 318 17.5 23.1 24.2
OTHER BIOSCIENCES 5.3 156 246 124 230 243
CHEMISTRY -——— e ——— 22.2 23.5 248
PHYSICAL SCIENCES & ENGINEERING 19.0 27.0 32,0 22.2 233 244
(EXCLUDING CHEMISTRY)
HEALTH SCIENCES 11.9 23.0 314 S —-——
MEDICAL STUDENT RESEARCH TRAINING - < .- - —— ————— -
ALL OTHER 9.1 12.6 24.8 —- —_— —
UNKNOWN - e R - - -

901 —first quartile: one fourth of the students received the number of months of support indicated, or less, Q2-second quartile or median: one
half received the number of months of support indicated, or less: Q3 third quartile: three fourths received the number of months of support
indicated, or less.

Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statements.



FIGURE 4
Median lengths of NIGMS traineeships at departments with training grants in
biophysics, biochemistry, or physiclogy, fiscal years 1958-1965 combined.

MEDIAN LENGTH OF TRAINEESHIPS IN DEPARTMENT (months)

e

BIOPHYSICS BIOCHEMISTRY PHYSIOLOGY
@ One Department

DEPARTMENTS WITH TRAINING GRANTS

Note:  Only departments with ten or more NIGMS trainees have been included. =
Source: NIGMS, Statement of Appointment of Trainee.
National Research Councii, Office of Scientific Personnel, Doctorate Records File.

Table 7 shows the median total months of NIGMS traineeship
support provided to bioscience graduate students. The period of support for
students who received their first traineeships in fiscal year 1965 ranged from
a median of 24.8 months for pharmacology to 10.9 months for pathology
pre-PhD)’s. The total months of support provided by NIGMS fellowships,
however, revealed much less variation, with a median for each field falling
between 22 and 23 months. :

Traineeship patterns in graduate departments within a given biosci-
ence field differ widely. Figure 4 and Table 8 illustrate these differences. Of
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TABLE 8 :
Number of Departments, by Median Length of NIGMS Traineeship in Department, Fiscal Years 195819652

Number of Departments by Median Length of NIGMS Trainecships

Total Number 16 7--12 1318 19.-24 25 or more
Field of Training ol Dopartments Months Months Months Months Months
BIOCHEMISTRY 54 - 14 18 13 9
PATHOLOGY 50 13 15 i0 S 7
PHYSIOLOGY 39 3 11 11 5
BIOPHYSICS . 25 —— 3 S 9 8
MICROBIOLOGY 41 1 11 16 9 4
PHARMACOLOGY 40 S 4 8 13 10
BIOMETRICS 24 7 4 3 4 6
ANATOMY 30 3 9 8 6 4
GENETICS 23 1 2 9 10 1

m

%0nly departments with 10 or mcre NIGMS trainees have been included.

Source: NIGMS, Statement of Appointment of Trainee.
National Research Council, Office of Scientific Personnel, Doctorate Records File,

TABLE 9
Geographic Distribution of Biuscience Research Doctorates, Bioscience Graduate Students, NIGMS Traineeships and Fellowships, and Federal
Academic Science Support
M
Bioscience Bioscience Graduate NIGMS Trainces Federal Academic
PhD’s Awarded Students FY 1965 and Fellows Science Support
in FY 1967 (full- and part-time) FY 1963-1967 FY 1966
Region Percent Percent Percent Dollars in Thousands Percent
TOTAL 100 100 100 2,158,291 100
NEW ENGLAND 8 6 13 232,857 11
MIDDLE ATLANTIC 15 16 19 406,387 19
EASTNORTHCENTRAL . 20 ... .. . ... .21 . . S 19t 409,948 19
WEST NORTH CENTRAL 11 N 12 8 158,768 7
SOUTH ATLANTIC 13 13 12 260,716 12
EAST SOUTH CENTRAL 3 .. 4 3 .. .. _ 85946 S 4
- WEST SOUTH CENTRAL 8 9 6 146,520 7
- MOUNTAIN 6 4 3 101,507 ]
PACIFIC 16 16 17 355,645 16

Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statements.
National Science Foundation, Federal Support to Universities & Colleges FY 1963--1966 (NSF 62.14).
U.S. Office of Education, Entoliment for Advanced Degrees, Fall 1964.
National Research Council, Office of Scientific Personnel, Doctorate Records File.
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Support by Ge

ographic
“Region

FIGURE 6
Percentage of fiscal year 1967 bhioscience research doctorates who had
received an NIGMS traineeship in graduate school.
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Source: NIGMS, Statement of Appointment of Trainee.
National Research Council, Office of Scientific Personnel, Doctorate Records File.

the 54. biochemistry departments having ten or more NIGMS trainees
during the period fiscal year 1958-1965,'% 14 departments provided a median
length of support for trainees of 12 or fewer months; 31 for 13-24 months;
and the remaining 9 for a median 25 or more months. Departments in the

" other bioscience fields reveal a similar variation.

Regional distributions of NIGMS traineeship and fellowship funds are
shown in Figure 5 and Table 9 with comparisons between NIGMS support
and certain other indices of academic productivity. The New England and
Middle Atlantic areas received about 32 percent of NIGMS support and 30
percent of total Federal academic science support. They enrolled 22 percent
of the bioscience graduate students and produced 23 percent of the
bioscience PhD’s. The West North Central, West South Central, and
Mountain regions, combined, received 17 percent of the NIGMS support and
19 percent of the Federal academic science support; yet they enrolled 25

I5Trainees having theiv first appointment in fiscal years 1966 and 1987 have been
omitted from Table 7. These trainees could have obtained a maximum of only 12 or 24
months support through fiscal year 1967, and many have and will continue to receive
support in fiseal years 1968 and 1969, The calculated median total months of support i
more representative if these cases are excluded.
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FIGURE 7

Distribution hetween public and private universities of bioscience research doctcrates, hioscience graduate
students, and NIGMS trainees and fellows.

BIOSCIENCE FULL- AND PART-TIME

BIOSCIENCE PhD's
FY 1967

GRADUATE STUDENTS NIGMS TRAINEES NIGMS FELLOWS
FY 1865 FY 1963-1967 FY 1963-1967

S -
;

.....

U.S. COLLEGES AND UNIVERSITIES: =3¢ PUBLIC (] PRIVATE

Source: National Research Council, Office of Scientific Personnel, Doctorate Records File.
United States Office of Education, Enroliment for Advanced Degrees. Fall 1964.
NIGMS. Statement of Appointment of Trainee and Fellowship Award Statements.

Support by Type of
Institutional Control

IMPACT OF SUPPORT
ON BIOSCIENCE
DEPARTMENTS

PhD Production

percent of the bioscience graduate students and produced 25 percent of the
bioscience PhD’s. Support for the other four geographic regions was more
closely related to PhD production and graduate student enrollment,
Detailed state-by-state data are presented in Appendix ' of this
report. The appendix table includes data for each state showing the number
of PhD-granting departments and the number of bLioscience PhD’s who
received NIGMS support. For example, Illinois had 42 institutions with
PhD-granting departments in one or more of the bioscience fields, and 28 of
these departments received NIGMS support. Pennsylvania had 57 institu-
tions with PhD-granting departments-in one or more of the biosciences, 22
of which received NIGMS support. As a consequence, almost half (64 of 132)
of the Illinois bioscience PhD’s had N1GMS support, while only one third (33
of 103) of the bioscience PhD's from Pennsylvania were NIGMS-supported.
In total, 29 percent of the bivscience PhD's of fiscal year 1967 had received
NIGMS traineeship assistance. Thix percentage agrees very well with the
estimate given in Chapter I that 30 percent of all bioscience pre-PhD’'s were
on NIGMS training grants, Figure 6 shows the percentage of fiscal year

. 1967 PhD’s in selected bioscience fields who were NIGMS trainees in
- graduate school. ' - S g !

“The distribution of NIGMS trainees by type of institutional control is given

in Figure 7. Public institutions enrolled 69 percent of the bioscience PhD’s,
but only half of the NIGMS trainees and fellows were in public universities,
This finding is consistent with the large percentage of NIGMS support to the
New England and Middle Atlantic regions, where the majority of private
universities are concentrated.

The impact of a training grant on the PhD production of a department is
influenced both by the size and by the academic field of the department. In
order to study the effect of the variation in fields in some detail, the commit-
tee selected four areas for special study: biochemistry as representative of a
modestly growing field, physiology as a field showing relatively slow growth,
biophysics as a rapidly growing new field, and pathology as a field lacking a
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FIGURE 8
Doctorate production in five bioscience fields, fiscal years 1958-1967.

PERCENTAGE  INCREMENT
FY1958. . FY 1963

1863 1967
BIOCHEMISTRY 26 65
BIOPHYSICS 71 150
PHYSIOLOGY, ANIMAL * 76
PATHOLOGY 50 119
BOTANY 20 21

500 o
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*Data for animal physiology is not available from the Doctorate Records File before FY 1963,
Snurce: National Research Council, Office of Scientific Personnel, Doctorate Records File.

1959 1960

tradition of research training. The growth of doctorate production in these
four fields, along with botany as a comparison field unlikely to be affected by
NIGMS support, is shown in Figure 8. The relatively sharp change in the
rate of doctorate production after 1963 in the fields of biochemistry,
physiology, and biophysics, but not botany, is suggestive of a positive effect
..of the training grants on these fields approximately five years after the start
_of the training grant program. It should be noted that most training in
pathology has been at the postdoctoral level, and hence, cannot be completely
measured by compilations of Phl) production.

In order to study the effect of NIGMS training grants on depart-
ments of different size, the committee classified departments on the basis of
doctorate production in a specific fleld during the period 1953-1957 as (a)
large producers, (b) small producers, or (¢) nonproducers of doctorates. This
period was selected as a point of reference because it immediately preceded
the start of the NIGMS training grant program. Figure 9 and Table 10
summarize the impact of training grants on Ph) production of departments
in three fields, equated for size of department. The upper section of Table 10
lists the data for biochemistry. The left-hand column shows the three
departmental groups (large Phi-producers, small PhD-producers, and non-
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5-YEAR AVERAGE NUMBER OF PhD's PER DEPARTMENT

PATHOLOGY

FIGURE S
Average number of research doctorates awarded per department in three 5-year periods, NIGMS supported
versus nonsupported departments of biochemistry, biophysics, and pathology. (The groupings of depaitinents
differ for each field and are defined in Tabie 10.)
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TABLE 10

Trends in Production of Research Doctorates,

NIGMS-Supported Versus Non-NIGMS-Supported Departments
Fiscal Years 1953.1967

of Biochemistry, Pathology, and Biophysics,
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Graduate Enrollments

Phi-producers), based on PhD output during 1963-1957, Kach group is sub-
divided into those that (1) received NIGMS support during 1958-1962 and
may also have been supported after 1962, (2) received NIGMS support dur-
ing the period 1963-1967 but not during 1958-1962, and (3) received no
NIGMS training grant support. Since it requires five years for a program to
begin to produce Phl)’s, few persons supported after 1963 would have attain-
ed the degree by 1967. The second column of the table indicates the number
of institutions with biochemistry departments in each group. Columns three
through eight show the total number of research doctorates granted in the
reference periods 1953-1957, 1958-1962, and 1963-1967 by departments in
each group and by the average doctorate production per department over
each five-year period. The last two columns indicate the increment in aver-
age number of research doctorates granted per department between 1958-
1962 and 1963-1967 in both percéntage and absolute numbers. The sections
of the table for biophysics and pathology are organized in the same man-
ner.\?

Figure 9 summarizes the major findings. In all cases, the gain in
average PhD production per departmetit between 1958-1962 and 1963-1967
was markedly greater for the NIGMS-supported than for non-NIGMS-sup
ported departments when matched for field and for PhD production in
1953-1957. In biochemistry, small PhD-producing departments with support
increased their average output by 8.2 PhD's, compared with 2.9 for the
non-NI1GMS-supported departments, Corresponding increments for depart-
ments that were non-Phl-producers in the reference period 1953-1957 were
8.8 und 2.7. Similar results were found for biophysics and pathology. Since
all of the large PhD-producing departments received support, a comparison
with nonsupported departments in this category is not possibie,

The data indicate that the impact of N1GMS support on departmental
PhD) production varied with the size of department. In biochemistry, the
smaller departments (small PhD-producers and non-PhD-producers 1953-
1957) showed greater absolute and percentage gains in PhD production than
the large departments. In biophysics and pathology, the initially large
PhD-producing departments showed greater absolute gains, but the percent-
age increases were greater in the smaller departments.

Clearly, those departments with NIGMS training grants experienced
greater increments in production of research doctorates than did depart-
ments without such support. However, the role of NIGMS training grants on
the increased production cannot be established with certainty. Training
grants were awarded, in general, to the more prestigious and active
departments. Therefore, it is not clear whether the training grants were
instrumental in bringing about growth or whether the grants were simply
given to departments that were already in a process of rapid increase in PhD
output. Both factors were probably operative, and the training grants should

‘be credited for having a positive effect—biit not the only effect. In

interpreting the data in Table 10, it must be noted that the NIGMS support
to the department may have been for as little as a few years or for as long as

‘ten years, and the amount may have been as little as a few thousand dollars -
or as much as $200,000 a year, ' '

Another measure of the effect of training grants can be seen in Table 11 and
Figure 10, which show trends in graduate enrollments in departments with
and without training grants, The total number of full-time students in
biochemistry departments with NIGMS support increased from 798 in 1960
to 1,510 in 1965, while the corresponding numbers for biochemistry
departments without NIGMS support were 224 and 349, respectively. This
represents a marked difference in the rate of increase for the two groups of

" Physiolog was omitted from this tuble because a change in the academic speci-
alities list used with the Survey of Eurned Doctorutes introduced a discontinuity in the
trend data for physiology during the period covered.
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TABLE 11

Graduate Enroliment in Biochemistry
in Biochemistry®

in PhD-Granting Institutions
with and without MIGMS Support

versus Botany and Zoology




FIGURE 10
Graduate enroliment in biochemistry versus botany and zoology in PhD-granting institutions with and without
NIGMS support in biochemistry,* 1960, 1963, 1965.
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Source:  United States Office of Education. Enroliment for Advanced Degrees.
NIGMS, Statement of Appointment of Trainee.

departments. During the same period, graduate enroliment of part-time
biochemistry students remained almost constant in both supported and
nonsupported departments,

The data in Table 11 also suggest that the positive effect of

NIGMS training grant programs on biochemistry graduate student enroll-

ment is not simply a result of over-all institutional increase of graduate

- students. Information is given for graduate enrollment trends for botany and

- - -zoology, science departments not directly supported by NIGMS training

grants and selected as control groups for comparison with biochemistry. Bot-

any and zoology enrollments in institutions having NIGMS support in bio-

T e o oo chemistry are listed as “with NIGMS support”; botany and zoology enroll-

ments in institutions without NIGMS support in bisehemistry arve listed as

“without NIGMS support.” The total number of full-time students in

botany and zoology departments in institutions without NIGMS support

actually increased more than corresponding enrollments in institutions with

NIGMS support. Thus, the number of full-time botany and zoology graduate

students in non-N1GMS-supported institutions increased 158 percent (from

421 to 1,088 during the period 1960-1965. while the corresponding increase

for botany and zoology in institutions with NIGMS support was only 28

percent (1,534 to 1,958). This finding makes the positive effect of NIGMS

training grants on graduate enrollment in binchemistry departments appear

to be even more significant. Caution must again be exercised, however, in
interpreting the effects of training grants on graduate enrollment.
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Faculty and Scientifie
Environment

FIGURE 11
Number of bioscience PhD's and number of institutions granting bioscience
PhD’s, fiscal years 1958-1967.
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Source: National Research Council Office of Scientific Personnel, Doctorate Records File,

The period of NIGMS training grants coincides with an era of rapid

_ growth in numbers of institutions granting PhI)’s in the biosciences (Figure

11). During the decade 1958-1967, the number increased from slightly over
100 to almost 150, Although not all the growth can be directly attributed to
NIGMS training support, it was one factor enabling this dramatic increase
in centers for biomedical research training.

Although it was possible to obtain some measure of the influence of training
grants on the n' mbers of research doctorates produced, it was much more
difficult to quautify their effect on the total scientific environment of
institutions, It is the opinion of the committee that NIGMS training grants
have had a real effect in strengthening the departments within universities,
However, so many uncontrollable variables enter into any retrospective
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attempt to develop meaningful objective criteria that, in many instances, it
has been necessary to fall back on individual illustrative examples.
Undoubtedly, one of the very first beneficial effects within an
institution or a department has been the necessity, in preparing a training
grant application, to consider in detail both the goals and the organization of
the on-going or proposed research training program. The act of committing
to paper exactly what a department is doing or proposes to do in training
young scientists in a given specialty has necessarily produced critical
re-examination of many accepted ideas and the evolution of many new ones

FIGURE 12

Growth rates in staff and expenditures for staff and growth rates in trainees
and stipends for trainees, by fiscal year 1960-1965 (fields of biochemistry,
biophysics, physiology, and pathology combined).
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——a healthy phenomenon in any endeavor, Extracts from program directors’
comments strongly suggest that from such considerations, on-going pro-
grams have been markedly changed and totally new ones have been
introduced.

NIGMS training grants have provided the means of increasing
faculty size by providing direct support for faculty salaries, both for those
faculty members directly involved in administering the grant-supported
programs, and for new members added to enhance over-all capacity in
research training either through their teaching skills or their special areas of
research interest,

In Figure 12, the over-all steady growth of professional staff support-
ed by NIGMS training grants in the combined areas of biochemistry, bio-
physics, physiology, and pathology between 1960 and 1965 is indicated. Spe-
cial factors have resulted in the somewhat differing importance of profes-
sional staff expenditures in the support picture of each of these areas as
shown in Figure 13, In biochemistry and physiology, established fields with a

FIGURE 13
Expendjtures for professional staff as a percentage of total training grant
expenditures, by field, fiscal years 1960-1966.
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long expertence in graduate traming, only 5 te 10 percent of the training
grant funds were used to inerease the faculty, In biophysics, an emerging spe-
cialty in which new programs ave being established, and in pathology, a field
with little previous experience in full-time research training programs, 156 to
20 percent of the funds were utilized to establish the needed faculty support.
~The generally higher compensation levels of faculty members in pathology
(usually MD's), compared with the levels in other fields examined, also
contributed to the high percentage of training grant funds used tor faculty
salaries in this field.

The impact of NIGMS training grants on total numbers of faculty in
each department is difficult to quantify because the records do not show
whether the faculty members directly supported by the grants are new in the
department. In general, the faculty supported by NIGMS training grants do
represent actual additions to the total faculty since the total faculty size has
increased more rapidly in departments with NIGMS support than in the
non-N IGMS-supported departments (see Table 12), It should be noted that
training grant funds not only permit the addition to departments of new

TABLE 12

Trends in Numbers of Professional Staff, NIGMS-Supported versus Non-NIGMS-Supported Depart-
men

M

Number of Pro-
Years of NIGMS Support fessional Staff Percentage Increment
to Departments in Professional Staff
Training Field (1958-1967) 1957 1960 1965 from 1957 to 1968
BIOCHEMISTRY TOTAL 312 3 M 20
14 years Support 40 46 49 22
2§ years Support 230 227 278 21
Non-NIGMS-Supported
Departments 42 38 46 10
BIOPHYSICS TOTAL 20 25 3 9§
14 years Support —_— = e —
28§ years Support 14 18 32 128
Non-NIGMS-Supported
Departments 6 7 7 17
PATHOLOGY TOTAL §§ 48 68 24
_ . ..'w . . .14 years Support 28 12 2 e
25 years Support - 18 23. 29 . . 61
Non-NIGMS-Supported
Departments 8 6 8 0
'PHYSIOLOGY  TOTAL 226 228 301 33
: 14 years Support 43 45 89 37
2 § years Support 102 112 159 56
Non-NIGMS-Supported
Departments 81l 71 83 2

M

AThe data are based on information from those institutions that reported regularly and completely to
the American Council on Education surveys.

Source:  NIGMS, Statement of Appointment of Trainee.

American Council on Education, A Guide to Graduate Study, 71957, 1960, and 1965
editions.
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Physical Facilities

faculty members, but also of such support personnel as technicians,
secretaries, administrative assistants, and instrumentation experts, who
contribute to an over-all inerease in research training capability.

The breadth of the educational experience ef the trainees has been
increased by enabling the department to pay for visiting seminar speakers
and to send trainees to national scientific meetings. Although a definite
causal relationship cannot be established between the grant and the quality
of faculty and the training program, the following extracts from the
comments of program directors in their progress reports to NIGMS are
suggestive of 4 beneficial effect:

[AS to] the impact the program has had on the department, it ¢an be
safely said that the teaching of graduate students continues to be a
source of stimulation to staff men in terms of amplifying their
research interests and broadening their knowledge in the particular
areas which they are asked to present as advance courses in
physiology .. .. The addition of graduate training to the program of
professional instruction has rather significantly éimnged the climate
of research interest here, and for this, training grant support to this
department and to other departments of the school must be given the
direct credit.

The training grant has relped in strengthening our program by
making it possible to add to staff. With increase in personnel at a
teaching level we have been able to increase the number and the
quality of advanced courses and to increase guidance and leadership
for research work by graduate students.

The effect of the existence of such a program, and the thought and
activities required for its implementation, upon departmental staff
and secondarily, upon the entire institution beyond the Graduate
School itself, are profound . . . . Greater numbers of research projects
with broadened scope, the increased alertness and dedication which
attends contact with developing graduate students, . . . all add up to
an enriched scientific scheme. l.oss of the program would make its
erstwhile impact plainly evident, one may be sure.

In addition to increasing the numbers of faculty and students in recipient
departments, the NIGMS training grants have, in many instances, helped to
provide the tools required by these individuals to carry out a modern and
productive research training program. Data collected from a 50 percent
sample of the Reports of Expenditures submitted by program directors of
training grants in the fields of biochemistry, bivphysics, physiology, and
pathology show that purchases of equipment and supplies accounted for one
fourth of all expenditures in fiscal year 1959. By fiscal year 1967, the funds
used for equipment had decreased to one tenth of the total grant, but the
absolute dollar amount had quadrupled over the earlier year. These funds
made it possible to obtain not only supplies for trainees, but large pieces of
equipment for joint use by a number of trainees and staff members. Thus,

- the over-all research training potential of a department was enhanced

through the acquisition of equipment that could not have been justified on an
individual member's research grant, Although in some instances such
equipment might have been obtained through special grants or general
research support funds, there is no question that in many cases the training
grants provided the only readily available sources, a point that is reiterated
in program directors’' comments:

An additional, but by no means secondary feature, is the financial
freedom which allows us to purchase needed e uipment for instrue-
tion, to schedule seminars by outstanding biochemists, and to offer
competitive salary levels to trainees.



New Fields of
Biomedical Science

Clinical Research
Training

As a result of the Training Grant and another research grant a
well-equipped group of laboratories with all the necessary facilities
have been provided. . . .The Training Program has enabled the
creation of a new research atmosphere in the department and the
formation of & group of people who are primarily interested in
research, :

An important effect of the NIGMS training grant program has been the
encouragement of new departments and new interdisciplinary programs
that do not tit into classical administrative alignments. Biomedical research
and research training have been enhanced by the continuing development of
programs in biophysies, genetics, and biometrics that cut across old
departmental lines and speed the application of diverse skills to common
problems,.

The following types of comments appeared quite regularly in reports
from the program directors:

This program is unquestionably the strongest unifying influence in
our departmental activities. It provides support and motivation for
interaction of different staff members, the trainees, and in many
cases, persons from other departments or institutions. It would be
entirely fair to say that without. this program, this would be a
different type of department and a much less effective one,

The work in the field of nutritional pathology has been disseminated
to staff members and to veterinary students. This has resulted in an
appreciation of the great variety of changes which result from
malnutrition. The general result has been an upgrading of veterinary
pathology.

It has been difficult to find support from sources geared to the
classical disciplines and therefore the training program has made
possible the development of & multi-disciplinary approach.

The number of degrees granted and the magnitude of NIGMS

“training grant support in sonie of these new fields are presented in Table 13.

Although biophysics is perhaps the most striking example of the effect of
NIGMS support on an emerging specialty, it is clear that a number of other
areas were also affected. Two program directors stated:

We have previously stressed the flexibility that this program provides
and we would re-emphasize this as being extraordinarily important to
us. In particular, we believe that the program allows trainees to gain
experience in various areas of biochemistry before selecting a specific
field of concentration. Direct support from outside agencies to
trainees is more properly linked to the selection of thesis work by the
trainee. The training program in the department urges students to
seek such outside direct support as soon as their thinking has
advanced to the point where they can wisely select their field of

concentration. _ N T

As a recently organized (1960) Department of Biochemistry and
Biophysics, we may be relatively unique in the benefits which we are
deriving from this Training Program. We visualize it as providing us
with 1) an opportunity for broader, moie ixtensive, am}) more ranid
training of incoming students, . . . 3) it is more economic of research
funds, since a) the basic intensive training results in a better
comprehension of tools available for research, and, simultaneously,
the student has learned how to use those tools.

Finally, the effect of NIGMS training grant support on pie- and post-MD
research training should be noted. Although the major emphasis in this



TABLE 13
Number of Research Doctorates Granted and Stipend and Dependency Support for NIGMS Trainees and Fellows in Five Bioscience I'ields,

Fiscal Years 1958-1967
\
Biophysics Biometrics Genetics Pharmacology Pathology
Stipend and Stipend and Stipend and Stipend and Stipend and
Fiscal PhD's  Dependency PhD’s  Dependency  PhD's Dependency  PhD's  Dependency  PhD's Dependency
Year Number Dollars Numnber Dollars Number Dollars Number Dollars Number Dollars
1958 21 100 3 112,240 71 110 48 700 14 51,270
1959 23 21,880 3 215,760 75 60840 40 118,275 14 307,875
1960 23 109,510 11 274,698 74 240,765 53 291,328 11 556,350
1961 25 215,218 7 327,103 73 436,259 49 459,343 22 681,889
1962 i3 873,191 10 585,675 81 1,039,647 74 701,161 23 1,210,667
1963 36 1,481,877 14 665,520 97 1,256,166 70 1,072,951 21 1,546,915
1964 40 1,705,189 22 867,200 98 1,355,785 89 1,212,231 31 1,752,551
1965 54 1,586,204 24 1,038,763 102 1,371,956 97 1,390,097 36 1,934,358
1966 83 1,645,659 20 1,075,034 113 1,553,981 104 1,447,423 37 1,906,867
1967 90 1,458,457 25 1,027,642 142 1,433,384 112 1,491,767 46 1,984,126

Source: National Research Council, Office of Scientific Personnel, Doctorate Records File.
NIGMS, Statement of Appoiiitment of Trainee and Fellowship Award Statements.

Note: The number of PhD's is the U.S. total for each field. The dollar amount rcfers to NIGMS support in the field.

report has been on PhD training, in part because of its ready quantification,
significant research training has been provided to many individuals who do
not obtain the PhD. For instance, although training-grant-supported
institutions have been favorably influenced in the number of PhD)’s in
pathology produced (see Table 13), the totals are so small that the
expenditures might be considered wasted if only those receiving PhD) degrees
were considered. In fact, many more individuals have heen provided with an
opportunity for several years of post-MD research training not previously
available under the standard pathology residency programs. Such indivi-
duals are now beginning to provide a supply of adequately trained experi-
mental pathologists for academic careers. Examples of such post-training ap-
pointments appeared frequently in reports to NIGMS by program directors
in pathology departments. After listing three former trainees known to have
advanced in academic rank in ihe past year, one program director con-
cluded:

e _ These and other former trainees who have remained in academic
' o ~positions have continued to be productive investigators as well as
teachers, as reflected in their various publications during the past

year.

Another director cited the following example:

As a result of his training in research in this program, Dr, ... __ |
after returning to clinical practice in orthopedic surgery, felt that the
clinical sciences were greatly lacking in a scientifie approach to their
problems. After four months, he returned to research in the program
and plans a career in research in Experimental Pathology.

A third program director noted:

There was a striking increase of interest in research activities. This

manifested itself not only in the trainees but in the service staff of the

Department . . . . The program also had a stimulating effect on the

;esidgnts in our department. Their interest in experimental research
as risen.
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SUMMARY @ NIGMS support for graduate training in the biomedical sciences
through traineeship programs and fellowship programs varies by academic
field. The amount of stipend and dependency support, the percentuge of
doctorate-granting departments having NIGMS trainees, and the median
total months of support supplied to students all reveal a great deal of
variation among the different bioscience fields.

@ Regional distribution of NIGMS funds and graduate student support,
when compared with bioscience PhD production and graduate student
enroliment, showed the New England and Middle Atlantic states receiving
proportionately more than the West North Central, West South Central, and
Mountain states. Likewise, private institutions received proportionately
more NIGMS support than public ones. It should be noted that balanced
geographical distribution was not a goal of the research training programs.

® Almost one third of the fiscal year 1967 bioscience Ph1)'s had received
NIGMS traineeship support at some time during their graduate programs.
and in certain subfields, over half the PhD recipients had received such
support,

® Comparisons between departments having NIGMS training grant
support and departments in matehed fields without such support show that:

The gain in average PhD production per department between
1958-1962 and 1963-1967 was markedly greater for the NIGMS-supported
departments than for non-NIGMS-supported ones,

Smaller departments show the greater percentage increases in Phb
production as a result of NIGMS grants, but larger departments show comp-
arable gains in absolute numbers of doctorates granted.

Full-time graduate student enroliment in biochemistry departments
with NIGMS support increased much more rapidly than correspoviithgs
enroliment in biochemistry departments without support (1860-1965). Nou- 4w
supported fields (botany and zoology) in the same institutions did not show
these differences,

The number of PhD-granting departments in the biosciences in-
creased by one third during the decade covered by the study.

Not all these differences should be attributed directly to NIGM:s
training grant support, but this was one major factor enabling recipieni
departments to grow as rapidly as they did.

@ Although difficult to quantify, the favorabie impact of training grants
on recipient bioscience departments appears clear. Anecdotal reports of
program dircctors, and the personal knowledge of the committee members,
indicate a positive effect on faculty, curriculum, and physical facilities in

~ many departments. Faculties have been increased, new courses have been

. - offered, and important items of equipment have been obtained through
training grant support. Thus, in addition to producing more PhD’s, the
training grants have served to strengthen the departments from which the

o _ - _graduates have come. ) - S S -
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CHAPTER IV

TRAINING GRANT SUPPORT
AND IMPACT: BIOSCIENCE
GRADUATE STUDENTS

PATTERNS OF NIGMS SUPPORT TO BIOSCIENCE
GCRADUATE STUDENTS
Numbers and Charvacteristies of Those Supported
Amount of Support
Other Sources of Support

IMPACT OF SUPPORT ON BIOSCIENCE STUDENTS

Time Lapse to PhD)
PhD Attainment Rate
Field Switching
Posttraining Careers

SUMMARY

PATTERNS OF Figure 14 shows the growth in numbers of NIGMS trainees and fellows
NIGMS SUPPORT TO supported in each year since 1958. After an initial period of rapid growth,

both programs leveled off, supporting about 7,700 trainees and about 1,100 »

-BIOSCIENCE - fellows annually.

GRADUATE During the ten-year period covered by this study, a total of 28,503
. bioscience students received NIGMS support. Of these, 23,380 received
STUDENTS traineeship support only; 3,759 received fellowship support only; and 1,364
received both traineeship and fellowship support. However, since the major
. interest of this study was to evaluate the effects of traineeship and fellowship
Numbers and programs, most of the following tables show just two groups—trainees and

Characteristics of fellows. The 1,364 trainee-fellows are included in both groups.
Table 14 summarizes some of the characteristics of the 24,744 persons
those Supported g had received traineeships (23,380 plus 1,364) and the 5,123 who had
received fellowships (3,759 plus 1,364). Virtually all are U.S. citizens, four
ou: of five are male, and slightly less than half are single. About haif of the
trainees and two thirds of the fellows were pre-Phirs at the time of their
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FIGURE 14
Number of NIGMS trainees and fellows, fiscal years 1958-1967.
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.- Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement.

first appointment. Fellows were about two years older than the trainees,
reflecting the fact that nominations for fellowships usually occurred later in
the academic program.

A more detailed description of the trainees and fellows by academic
level and field of study is available in Tables 15 and 16. For both groups in
more clinically-oriented basic sciences such as pathology, most of the
students were pre- or post-MD, while in the laboratory-oriented basic
medical sciences such as biochemistry, physiology, and microbiology, a large
proportion were at the pre-PhD level. Chemistry was a big field at the pre-
and post-PhD levels for the fellows, but was virtnall:- nonsupported for
trainees. Special note should be made of the category “riedical student” in
the trainee table. These were medical students who received short periods of
research training—typically, for a 3-month summer period. Therefore, while
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Amount of Support

TABLE 14
Summary Description of NIGMS Trainees and Fellows, Fiscal Years 1958-1967
U

Trainees Fellows
TOTAL 24,744 5123
U.S. CITIZENS 92% 97%
MALE 81% 81%
SINGLE 42% 32%
ACADEMIC LEVEL AT FIRST AWARD
Pre-PhD 48% 65%
Pre-MD : 26 -
Post-MD 11 s
Post-PhD s 19
Other 9 11
MEDIAN AGE AT FIRST AWARD 25.2 years 27.6 years
HIGHEST DEGREE AT FIRST AWARD
Baccalaureate 69% 49%
Master's 1§ 27
Research doctorate S 19
Professional doctorate 11 5
MEDIAN TOTAL LENGTE GF SUPPORT 10.3 months 12.4 months
TRAINING FIELDS AT FIRST AWARD
Biochemistry 14% 19%
Pathology 10 1
Physiology 7 10
Microbiology 6 9
Pharmacology 6 3
Biometrics 6 1
Anatomy S 3
Biophysics S 9
Genetics § 6
Other Biosciences 8 10
Chemistry - 21
Physical Sciences & Engineering 1 2
Health Sciences 4 2
Medical Students 18 -
Other S 4
MEDIAN TOTAL AMOUNT OF ST!™END AND
DEPENDEMCY ALLOWANCE $2.210 $5,500

~ Source:  NIGMS, Statement of Appointment of Trainee and Fellowship Award Statements.

._they accounted for a large proportion of the trainees (18.2 percent), they

received only a small proportion of the traineeship funds.

The amount of NIGMS support to trainees and fellows may be analyzed by
months of support supplied or by stipenid and dependency dollars received by
the students. In either case, it is important to distinguish between the
amouiit of support received during a given fiscal year and the total support
received, summed over all years. Table 17 shows the median months of
support and median stipend and dependency support received by trainees
and fellows during each fiscal year. Table 18 shows -median total months and
median total stipend and dependency support received, summed over all
years.
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TABLE 1§
Number of NIGMS Trainees, by Field of Training and Academic Level, Fiscal Years 1958-1967

S W A

l Number of Trainees by Academic Level®

} Total Pre-PhD> Pre-MD Post-MD Post-PhD Other
'll‘::lx?ngg No. % No. % No. % No. % No. % No. %
TOTAL All Fields 24,744 100 11959 100 6521 100 2,699 100 1,331 100 2,234 100

(100) (48) (26) an ) )
BIOCHEMISTRY 3,343 14 2,678 22 148 2 100 4 307 23 110 L)
PATHOLOGY 2,449 10 192 2 911 14 1,003 40 S8 4 205 9
PHYSIOLOGY 1,680 7 1,218 10 136 2 138 ] 66 s 122 6
MICROBIOLOGY 1,594 6 1,249 11 81 1 67 3 105 8 92 4
PHARMACOLOGY 1,383 6 876 7 169 3 95 4 93 7 1s0 7
BIOMETRICS 1,489 6 925 8 56 1 117 4 8S 6 306 14
ANATOMY 1,214 5 725 6 261 4 93 3 78 6 57 3
BIOPHYSICS 1,226 5 873 7 s7 1 83 3 134 10 79 4
GENETICS 1,296 § 860 7 85 1 92 3 1§ 12 104 5
OTHER BIOSCIENCE 1,996 8 1,000 8 481 7 230 9 113 8 172 8
CHEMISTRY 110 - 83 1 4 -~ 4 -~ 7 - 12 -
PHYSICAL SCIENCES . )
AND ENGINEERING 208 1 190 2 3 - 6 - 3 - 6 -
HEALTH SCIENCES 1,030 4 325 3 211 3 415 18 47 4 32 1
MEDICAL STUDENT 4,514 18 139 1 3890 60 46 2 18 1 421 19
ALL OTHER i,200 5 616 5 28 - 129 5 61 5 366 16
UNKNOWN 12 - 10 - - - 1 - 1 - - -

L - ]
3 Percentages may not sum to 100 because of rounding. The percentage of trainees by academic level, all fields combined,

is shown in parentheses.
Source: NIGMS, Statement of Appointment of Trainee.




TABLE 16

Number of NIGMS Fellows, by Field of Fellowship and Academic Level, Fiscal Years 1959-1967

s

Number of Follows by Academic Level®

Total Pre-PhD Post-MD Post-PhD Other

Field of —
Training No. % No. % No. % No. % No. %
TOTAL All Fields 5,123 100 3,361 100 247 100 966 100 549 100

(100) (65) 6} (19) an
BIOCHEMISTRY 979 19 §23 16 46 19 280 30 130 4
PATHOLOGY 30 ] 14 - 13 § i - 2 -
PHYSIOLOGY 538 10 365 11 32 13 58 6 83 15
MICROBIOLOGY 485 10 342 10 13 § 62 6 68 12
PHARMACOLOGY 132 3 88 3 13 5 21 2 10 2
BIOMETRICS - 60 1 35 1 7 3 8 1 10 2
ANATOMY 132 3 96 3 8 3 19 2 9 2 -
BICPHYSICS 453 9 274 8 12 S 137 14 30 6
GENETICS 29§ 6 156 § 17 7 86 9 36 7
OTHER BIOSCIENCE 524 10 369 11 7 3 89 9 59 11
CHEMISTRY 1,077 21 807 A 4 2 193 20 73 13
PHYSICAL SCIENCES
AND ENGINEERING 10§ 2 90 3 8 3 3 - 4 1
HEALTH SCIENCES 108 2 §7 2 42 17 3 - 6 1
ALL OTHER 198 4 144 4 25 10 6 1 ~23 4
UNKNOWN 7 - | S - _ - - 6 1

& Percentages may not sum to 100 because of rounding. The percentage of fellows by academic level, all fields combined, is shown in

parentheses.
Source:

NIGMS, Fellowshin 4

wiid Statements.

al



SIUAUIIDIS PIONY dIESMOlIay P10 2oups] Jo Jununnoddy fo suawanmys ‘SWOIN  -23mos

SupaA 1331403 puv $96 | 40f 3sOY) Y3
3]qoavduiod 10u 240 sapa S 353Y) 40f SUMPIW Y3 240f2.13Y ) “1330) 40 896 U} ys0ddns [PUCHIPPD 31924 I £ 96 ] 40 996 | 4034 J0osyf wi 2wy 1s.0f ayi 40f ys0ddns Suparadad suosed suvpy,

——= 000t ——— Of€v 00S'v O8I'S OLL'V OSL 09 018 0¢6 Ov6 OL6 036 OI6 0S8 06y  00I'I YIHLO
0v6'S 08€9 0S8 0856 OE0'0I 0ST'O1 00901 00SO1 . 0f9v OEY'S 006'S OIL'9 006'S 006S OLI'9 090'S O9'v 00S'S qud-150d
00S°6 006'L 00S°0l 00S'6 O6L'TI OEI‘ST OSL'S 00S'9 0£0'9 0SP'9 OfS'L 005’9 0789 008'S 0SS'S O¥6'S OSL'V OFE'9 aW-1SOd

OEL o8 068 088 0S6 026 O¥O'T 066 000'T 0901 an-1id
006'C OZ6't 068'S 0SY'9 OpS'9 OTI'9 0£9°9 0ST'9 OLI'T OSL'€ 09€'v O08T'v OLS'Y OLS'Y OLS'E O6I'v OLL'E OfT'E Qud-1S0d
O91°ES 0T6'¥S OIE'9S 090'LS OBI'LS 0T9'9S 059'SS 0£8'SS OTL'IS 09T'TS OPETS OEB'TS OI18'TS OPL'TS OLS'TS OOI'ES 09L'TS OSL'TS SPAYTRV TVIOL

PIEMY 1SI1 JO TeaX [E3SL AQ PIAISIIY dDUEMOITY AIuspuadaq pue pusdns TVIOL UCTPIW

- [4) - 4 [4 (44 1T € - € € v S v § 6 s 9 [4 Y4HI1O
[4) [4) [4] [4 €1 [4} el o1 8 o1 1 It [4 (4 (4 €l [4 (4 1 aQud-3ud
I (4 [4) [4 {114 €C (4 [4) 9 Il £l 14 €1l 14 €1 €l S1. ¢l 81 aN-1S0d

3 3 v v v v v s S 9 anw-aud
[4) [4) 1 X4 vt 14 [44 1T €l v Il Ll 61 61 IT 61 Ll {4 81 St Qud-14d
[4) [A¢ 1 X4 €C 1 X4 1T 114 Il 9 8 o1 14 4| 11 (4} I a.  u €1 SRAYT IV TVIOL

premy IsKg Jo Fedx easty £q paaraday noddug jo sypuop TV QL ueipap

el961 9961 SI61 +961 €961 ZTI96I 1961 0961 6561 eLl961 9961 S961 961 €961 TI96I 1961 0961 6550 8S61 [049] Jlwapesy
SMo[[a.] sadurer],

(0

PIRAY ISIL] JO JE3X [BOSI] PUE AV IIWAPRDY AQ SMOJ[9.] Pue SoauNes]L AQ PIAI0Y URMOfIY Aduapuadaq pue puadns TVIOL USIPK pus poddng Jo SPUON TVIOL UEIPpOW
81 3T19VL

Siuawainis pavmyy dismola.f puv adutnsj fo suawnnoddy fo Jusuduis SWIN  :294nog
'

000'9 OLS'S 00S'S OfS't Ov8‘'T 089'T OLYZ OSL ——— 08L 008 O08L OL9 Oty OCr 068 OIY OPE 09¢ YIHLO
0v6'S 0TE'9 O00L'9 OvS'9 0CY'9 086'S 08¥'S 0IS'S 000°9 09T’y 09L't O8BL'E OGL'E 065'€ OLT'E OEl't 008'CT OPS'T O00b'E qud-1s0d
0ST°'6 09¢'L OPS'L 09S'L OIE‘L 080°'L OIZ°L OFE'9 0£9°9 060'9 OL6'Y 006'v 09S'v 0B0'v O06S'E OPO'E OLO'E O08Bt'T 09S'I an-150d

OLL OLL OLL ObL OvS 08y OQ6E OV9 OSY OIf aw-Tid
0S6'T 090'€t 010't OPL'T O09L'T O08L'T 080°¢ 081't 00S't OIS'T 00E'T O0SE'T 0ST'T OLO'T OL8'T OFES'T OEY'I 00C'T 069 aud-34d

00T'ES 00F'ES 09E'ES OIT'ES OBI'ES OVI‘ES OE8TS OIT'HS 00S'YS 0bT'TS 0$0'TS 096°1S 098°1IS OEH'IS 0OE'IS OII'IS OTT'IS 086 § OLS $ SPAYTWV TVIOL
Feap, [east 3 Supn(g PR OUBMONY AdUapudi: (] pue puadus Jempopy !

4| (4| 4§ 4| 4| 4§ 4 £ 0 £ z £ z z z T € 17 9 YIHLO
a.u 4 | 4| 4| 4§ 4| z 8 o1 8 8 ¢ 8 8 L 9 9 o1 aud-1s0d
4| (4 | 4| 4§ u 4| 4§ 4 S 4§ 4 4§ z 4 1 o1 o1 o1 9 an-1Sod

z z £ z z z z z z I an-3dd
4| 4| 4| 4| 4| 4| 4| 4 12 4| o1 o1 01 o1 o1 L 8 8 S aud-Tud
u u 4 4 a a a 6 9 o1 o1 6 6 L 9 9 9 9 > SPAYT UV TVIOL

sTedA [eIst] a3 Supm(g paalday poddng Jo stpuoly weIpap _
L961 9961 S961 961 €961 T961 1961 0961 6561 L96T 9961 S961 #96. €961 TI61 1961 0961 6Sol  8S6I PAY] JIapedy
SMOJ[33 sdautely,
_ L961-8561

SWOX RO ‘TOAY] JURPRIY 4Q ‘SMOIR.] PUS SIIUMIY AQ TEIX YORT UT PAARIY duraoly Lxapuadaq pue puadps jo Junowry usipdy pue poddug Jo SIPUOK UNIPIl
: LY ATAVL

52




For trzinees, the median months of support per year increased
steadily for all academic levels exeept pre-MD, reaching 9-12 months per
yvear by 1964, The median fellowship support has been 12 months per year
since 1961, Consequently, the rapid increments in median dollars of stipend
and dependency support for trainees between 1958 and 1963 reflect both
changes in stipend level and increases in average months of support per
vear. After 1964 for trainees and after 1961 for fellows, the increases in
dollar support represent primarily increases in stipend level. Basie stipends
(for a 12-month period) of predoctoral trainees and fellows have been fixed
since July 1, 1965, at the following levels:

First-year predoctoral traineeorfellow .................... $2,400
Second-year predoctoral trainecorfellow .................. $2,600
Third-year predoctoral traineeorfellow .. .................. $2,800

Persons appointed for less than 12 months “will be supported at the
appropriate stipend level on a pro rata basis.” Postdoctoral stipends for a
12-month period for trainees and fellows are:

With no relevant postdoctoral experience .................. $6,000
With one year relevant postdoctoral experience ............. $6,500
With two or more years relevant postdoctoral experience .. ... $7,000

In addition to the stipend, allowances may be awarded at predoctoral
and postdoctoral levels in the amount of $500 for any dependent who receives
more than one half of hix or her total support from the trainee.

The median stipend and dependency support received during each
fiscal year is tubulated in Table 17. At the pre-PhD level, the fellows receive
about $500 more than the trainees because their median months of
support/year is longer, because they tend to be in their second or third year
of graduate work rather than their first, and because they are more likely to
have dependents. At the postdoctoral level, the post-MID) stipend and
dependency support ix about $1,000/year more than that for post-PhD's.

From Table 18, it is apparent that pre-PhI)’s have the longest median
duration of support when summed over all years of support. They receive an
average of two academic years of support compared with an average of one
year of support for postdoctoral trainees and fellows. As noted above, the
pre-MD group of trainees is made up of medical students who receive
short-term research experience for one or two summers.

Are these stipend and dependency aliowances adequate? The median
stipend and dependency income for pre-Phl) trainees in fiscal year 1967 was
$2.510, but it is not possible to determine in a strictly objective manner
‘whether this is an adequate level of support because graduate students are
- not generally classified as employed wage earners. However, a few statistics
are available that provide a frame of reference to the financial status of
graduate students. About half of the pre-doctoral trainees and fellows are

-married, and 20 percent of them claim dependent children.!® In 1965, the per

capita income in the United States was $2,746, and in 1965 the median
family income was $6,882.'" Data from the USOE Swrvey of the Academic
and Finanecial Status of Gradnate Students, Spring 1965, cited in Chapter 1,
show that the 17,5650 bioscience graduate students of that year had a total
income from all sources of $82,450,000, or an average of $4,700 per student.

ISNIGMS, Program Analysis Branch, NIGMS ludirect Trainees, PAB 45b (August
27, 1968). p.10.

L 8, Bureau of the Census, Statistical Abstract of the United States 1967 (U.S.
Government Printing Otfice, Washington, D.C.), pp. 827 and 333.



TABLE 19

NIGMS Trainee Stipend Levels Compared with Consumer Price Index, Fiscal Years 1958-1968%
e -

Trainee Stipend Levels ggnsumer

ce
Fiscal Year Predoctoral . Postdoctoral Index
1958 $1,600-2,000 $3,8004,600 100.7
1959 1,800-2,200 4,500-5,500 101.5
1960 1,800-2,200 4,500-5,500 103.1
1961 1,800-2,200 5,000-6,000 104.2
1962 1,800-2,200 5,000-6,000 105.4
1963 1,800-2,200 5,0006,000 106.7
1964 1,800-2,200 5,000-6,000 108.1
1965 2,400-2,800 5,000-6,000 109.9
1966 2,400-2,800 5,000-6,000 113.1
1967 2,400-2,800 6,000-7,000 115.0
1968 2,400-2,800 6,000-7,000 121.2
Percentage Increment 1958-1968:  5040% §8-52% 20%

|
Aprior to July 1, 1965, project directors ould pay stipends at any level justificd by “institution
policy": since July 1, 1965, the official stipend levels are maximal

Communication from NIH.
U.S. Department of Commerce, Statistical Abstract of the U.S., 1967, p.355.

/
Source:

TABLE 20
Time-Line Displays for Selected Trainees in Biochemistry, Showing Years of Degrees, Years of NIGMS Support, and
Amounts of NIGMS Support

Time-Line for Selected Trainees Total Amount

of Support Key to Symbols
B R
FY1953 S4 S5 S6 S7 5s8 S§9 60 61 62 63 64 65 66 67 T=8$15000 T= Traineeship
: - : T T T F = Fellowship
B M R B = Baccalaureate
FY 1953 S4 S5 56 57 S8 59 60 61 62 63 64 65 66 67 T=$2400 M= Master’s
T F F F F F = $9,900 R = Research
Doctorate
B M R D = Professional
FY 1953 54 S5 56 57 S8 SS9 60 61 62 483 o4 65 66 67 T=- 32496 Doctorate
T F - F = $5,200
_ B b ) _ _
- FY 1953 54 S5 S6 87 58 S99 60 61 62 63 %4 65 66 67 T=$4583
B B o
FY1983 'S4 85 'S6 S7 S8 89 60 61 62 63 64 65 66 67 'T=84,142 - I
T T F F F=$7,200
B R
FY 1953 54 S5 56 S7 S8 89 60 61 62 63 64 65 66 67 T=S$10500
T T T T
B
FYI1953 5S4 S5 S6 S7 58 89 60 61 62 63 64 65 66 67 T=$8134
T T F F F = §5,200
B
FY 1953 54 55 56 57 58 59 60 61 62 63 T = $14,117

64 65 66 67
T T T T
prme R e e e —, L —
Source: NIGMS, Statement of Appointment of Traince and Fellowship Award Statements.



A comparison of NIGMS stipend levels with the Consumer Price Index for
the period 1958-1968 (Table 19) shows that predoctoral stipends increased
40-50 percent; postdoctoral stipends increased 50-60 percent; and the Price
Index went up about 20 percent over the same period. Although the
predoctoral stipend level has increased faster then the Price Index, by 1967 it
was still 10 percent below the United States per capita income and only
about half the average total income of bioscience graduate students.

In addition to studying the total amounts of NIGMS support, it is
useful to investigate the various patterns in which this support is provided.
Table 20 summarizes the case histories of a number of persons who received
NIGMS support. A “time line” for cach person lists the years from 1953
through 1967, and above the line are printed symbols showing the year of
receipt of academic degrees (baccalaureate, master’s, research doctorate, and
professional doctorate). Below the line, a second set of symbols indicates

FIGURE 15

Relationship between year of baccalaureate and year of first NIGMS
traineeship, first NIGMS fellowship, and research doctorate, pre-PhD awar-
dees of 1958-1967. .
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Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement.
National Research Council, Office of Scientific Personnel, Doctorate Records File.
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Other Sources
of Support

IMPACT OF SUPPORT
ON BIOSCIENCE
STUDENTS

Time Lapse to PhD

vears in which traineeship or fellowship support was received. The totut
dollar amount of the support is tabulated at the end of the line,

The placenient of traineeship or fellowship support in the academic
career of individual students may be yuite different. However, when all
records arve inspected and tabulated, a rather definite pattern of support
becomes generally visible (see Figure 15). If one takes the year of
bacealaureate as a reference point, the first traineeship generally comes in
the tirst post-baccalaureate year, and the frequency falls off rapidly for each
succeeding year. Note that a person receiving support in his second or third
post-baccalaureate year could still be in his first year of graduate school if he
had not attended school for one or more years after receiving his
undergraduate degree. The NIGMS fellowships seem to be concentrated in
the second to fifth vears after the baccalaureate. Combining these data with
those from Table 18, which show that most traineeships and fellowships last
1-2 years, the typical pattern is to use the traineeship to support the studeni
during his first one or two years of graduate work and then to shift him to
some other form of support such as an NIGMS fellowship or perhaps a
research assistantship for the remaining two or three years until he
completes the Phl).

The fact that NIGMS trainees and fellows received support from other
sources is illustrated in Table 21, Of the doctorate recipients of fiscal year
1967, 819 had received NIGMS support and had completed the question on
the Survey of Earned Doctorates questionnaire indicating sources of
financial support during graduate school. The wabie shows, for instance, that
98 of 819 (12 percent) had received National Science Foundation (NSF)
fellowship support. Half reported receiving NIH traineeships and half
reported NIH fellowships (these were probably the NIGMS grants). Large
percentages had teaching or resesrch assistantships,” and a sizeable number
used their own or their spouses’ earnings. However, the NIGMS-supported
group were less likely than the nonsupported group to have to use their own
earnings or to be employed as research assistants, and so they were more
likely to be able to devote full time to their graduate work.

In fields such as biochemistry, physiology, and biophysics, the attainment of
a PhD degree can be used as a meaningful measure of the contribution to
professional manpower of the NIGMS programs. The main emphasis in
graduate programs in these fields has been research training of predoctoral
students. However, in pathology and other more clinically oriented fields in
which many trainees already have MD's, the attainment of a PhD) is usually
not the goal, and therefore, not a good measure of the suceess of ihe 235z
program. Success of the latter postdoctoral types of training programs could
be determined using end points, such as the attainment of specialty board
certification, positions in academic institutions, and/or membership in the
appropriate professional organizations. Unfortunately, data on these latter
criteria were not available for the study, so the following analysis is largely

.concerned with PhD attainment, ... . .. . ... .. ... o

Training grants and fellowships enabled NIGMS-supported students to

attain the PhD degree in one or two years less time than did those from the
same graduate departments who did not receive this support. Table 22 shows
both totel time and registered time®' from baccalaureate to PhD for NIGMS-

201t should be noted that these formal mechanisms of support (traipeeships.
fellowships. and teaching and research assistantships) are provided sequentially, not
concurrently, to graduate students.

21 Total time refers to total calendar time elapsed between year of baccalaureate
and year of doctorate; registered time refers to the total time registered in a university be-
tween baccalaureate and doctorate.



TABLE 21

Sources of Financial Support Reported by Bioscience Research Doctorates of Fiscal Year 1967, NIGMS Awardees Compared with
Non-NIGMS Awardees

“

Bioscience Research Doctorates of FY 1967

With NIGMS Support Without NIGMS Support

Sources of Financial Support Number Percent® Number Percent®
TOTAL Bioscience PhD's Reporting Suppost 819 1,037
NSF FELLOWSHIP 98 12 99 10
NSF TRAINEESHIP 6 1 8 1
NIH FELLOWSHIP 412 S0 93 9
NIH TRAINEESHIP 390 48 111 11
AEC FELLOWSHIP 5 1 18 2
NASA TRAINEESHIP . 17 2 22 2
NDEA FELLOWSHIP 28 3 49 ]
OTHER FELLOWSHIP 64 8 88 8
STATE FELLOWSHIP 14 2 26 2
INSTITUTIONAL FELLOWSHIP 68 8 113 11
WOODROW WILSON FELLOWSHIP 17 2 4 -
OTHER NATIONAL FELLOWSHIP 41 s 67 6
TEACHING ASSISTANSHIP 322 39 365 35
RESEARCH ASSISTANTSHIP. 250 30 490 47
EDUCATIONAL FUND OF INDUSTRY, BUSINESS 12 2 23 2
OTHER INSTITUTIONAL FELLOWSHIP 44 s 72 7
OWN EARNINGS 104 13 230 22
SPOUSE'S EARNINGS 75 9 138 13
FAMILY CONTRIBUTIONS 33 4 40 4
LOAN 38 s 60 6

1 39 4

OTHER 9
A

8Percentages are based on total bioscience PhD’s reporting support. Percentages total more than 100% because students could
indicate more than one source of financial support. -

Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statements.
National Research Council, Office of Scientific Personnel, Doctorate Records File.

- supported doctorate recipients and for non-NIGMS-supported doctorate
recipients. In biochemistry, for example, those who received only NIGMS
traineeships required a median total time of 5.8 years to complete the PhD;
those who received only NIGMS fellowships required a median 5.3 years;

-~ and those with both NIGMS traineeships and fellowships required 5.4 yaars, - N

In contrast, those without NIGMS support, but from biochemistry deprt-
ments that did have NIGMS training grants, required a median of 7.2 years
from baccalaureate to doctorate, and those without NIGMS support and from
departments without training grants required a median 8.2 years. It should
be noted that the median registered time for these groups showed much less
variation (4.6 years to 5.6 years). These data suggest that the NIGMS-sup-
ported students complete requirements for the PhD in less time than the
nonsupported group because they are able to remain in school as registered
students. Almost all groups in all academic fields require a median 4.5-56.5
years of registered time in a university to complete the PhD). Those who
receive adequate support attain the PhD in about this time; those with less
support have longer periods of nonstudent status and require more time to
complete the degree requirements.

a7




TABLE 22
Median Time Lapse from Baccalaurcate to Doctorate (Total Time and Registered Time) for Fiscal Years 1958-1967 Research Doctorates with
or without NIGMS Pre-PhD Traineeship or Fellowship Support, by Field of Training

M

Median Years Elapsed from Baccalaureate to Doctorate?

PhD Recipients without

PhD Recipients with NIGMS Pre-PhD Support NIGMS Pre-PhD Support
in in
Total Trainees Trainees Fellows Trainee- Depts. with Depts. without
Field of Training and Fellows Only Only Feollows NIGMS Support  NIGMS Support
Total Fields Total Time 6.0 6.3 5.6 56 b b
Registered 5.2 5.3 4.8 5.1
BIOCHEMISTRY Total Time 56 $.8 53 54 7.2 8.2
Registered S.1 S.1 4.6 50 54 5.6
PATHOLOGY Total Time 6.5 6.5 — —_ 9.1 9.6
PHYSIOLOGY Total Time 6.4 6.4 6.7 59 8.2 8.1
. Registered 54 5.3 55 52 58 56
MICROBIOLOGY Total Time 6.7 6.7 6.9 59 8.1 8.6
Registered 5.5 S5 5.5 54 55 59
PHARMACOLOGY Total Time 6.7 6.9 6.3 59 8.5 69
Registered 54 5.3 5.2 49 54 §.1
BIOMETRICS Total Time 70 6.8 — 8.3 94
Registered 54 53 — 6.2 6.1 —
ANATOMY Total Time 6.2 6.1 6.7 6.5 8.3 9.3
. Registered 53 5.2 438 53 54 5.8
BIOPHYSICS Total Time 5.7 6.3 50 5.8 7.7 73
Registered 5.1 54 4.5 53 57 5.7
GENETICS . Total Time 6.2 6.5 58 56 19 79
Registered 53 54 50 50 5.2 49
OTHER BIOSCIENCES Total Time 6.0 6.1 6.7 5.3 b b
Registered §2 5.1 54 4.8
CHEMISTRY Total Time 48 6.5 4.8 — b b
Registered 4.8 5.3 43
PHYSICAL SCIENCES & Total Time 6.4 7.2 5.7 b b
ENGINEERING Registered 59 6.8 50
HEALTH SCIENCE - - Total Time 13 6.6 118 - b b
~ Registered 54 s - -
MEDICAL STUDENT Total Time 9.0 9.5 — —— b b
_ ST T ="~ Registered 54 o - e - -
. OTHER FIELDS Total Time 7.5 6.1 12.0 — b b
’ Registered 54 49 58 —

.
Medians were calculated only when there were 10 or more cases.

* bpata for comparable - lds were not available.

Source:  National Research Council. Office of Scientific Personnel. Doctorate Records File.
NIGMS, Statement of Appointment of Trainee and Fellowship Award Statements.
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Figure 16 summarizes graphically the data for nine of the bioscience
flelds. It shows the baccalaureate-to-doctorate time-lapse distributions (total
time and registered time) for NIGMS trainees, NIGMS fellows, and non-
N1GMS-supported doctorate recieients.

It is clear, therefore, that the primary contribution of the training
grant was that it allowed the potential bioscience graduate student to begin
graduate training immediately, and it enabled him to devote full time to his
academic work. The greater delay between receipt of the baccalaureate and
entrance into graduate school of nonsupported students, and the resulting
loss in educational momentum, was probably responsible for the fact that 82
per cent of the non-NIGMS-supported group took a master's betose
proceeding to the PhD) as compared to 58 percent for those receiving NIGMS
support,

[Sven though baccalaureate-to-doctorate time lapse is markedly
shorter for those receiving support than for the nonsupported, the amonnt of
NIGMS support does not correlate strongly with time lapse. That is, persons
receiving two or three years of NIGMS support did not complete their PhD

FIGURE 17
Years elapsed from baccalaureate to doctorate (total time) for NIGMS
pre-PhD's, by total months of NIGMS support, fiscal years 1958-1967.

25 .
20 X
[7¢ ]
o
&g 15
[t
28
o
S5 10
g2
7] N
& 5
~ 3orLESS 4 5 6 7 8
B YEARS ELAPSED FROM BS TO PhD
TD;I‘AL RESEARCH OOCTORATES BY YEARS ELAPSED FROM BS TO PhD '
MONTHKS Total

OF 3or Over known :
SUPPORT Less 4 5 6 7 8 8 Cases 1 Q Qs

No. 46 184 212 185 118 109 304 1158
112 % 40 159 183 160 102 94 263 1001 2 &2 785

No. 41 184 230 175 100 79 233 1042 47 59 8.2
1324 % 39 177 221 168 96 76 224 1001 ™ ) '

No. 30 144 205 143 89 66 219 896 47 60 84
25-36 % 33 161 229 160 99 7.4 244 1001 ) '

L&

Source: NIGMS. Statement of Appointment of Trainee and Fellowship Award Statement.
Mational Research Council. Office of Scientitic Personnel, Doctorate Records File,




PhD Attainment Rate

degrees noticeabiy sooner than those receiving one year of support (Figure
17).2 This finding may reflect the tact that the NIGMS-supported students
are a select group of graduate students and as such find other sources of sup-
port easily available. Trainees not in the program at the end of a year were
probably not "nonsupported” but rather, obtained support from some other
souree. In general, comparisons of N 1GMS-supported versus non-N 1G M S-su p-
ported persons may well be comparisons of a rather select, generally sup-
ported group versus a less select and much less supported group.

In any case, it is evident that persons with NIGMS support, either
from the training program or from a fellowship award, attained the doctoral
degree in a shorter time and were less likely than other PhD recipients to
depend on their own earnings, spouses’ earnings, or research assistantships
for financial support in graduate school. Students receiving support are able
to devote themselves full time to course work and research and can finish
more rapidly because other obligations are reduced.

NIGMS support also seems to be positively correlated with the PhD attain-
ment rate, defined as the percentage of beginning pre-PhD’s who ultimately
attain the degree. Unfortunately, comparative statistics from other studies
are almost nonexistent, so the effects must be accepted with caution. This
study is one of the first to follow cohorts of pre-PhD’s and to determine the
percentage that ultimately received the degree.

About 50 percent of those receiving training grant support ultimately
attained the PhD, while 80 percent of those receiving fellowships attained
the degree. Almost 85 percent of the students who had received both
traineeships and fellowships ultimately received the PhD (Figure 18).2'1t is
likely that the superior performance of the trainee-fellow group was influ-
enced by the selection of trainees who had already demonstrated nme to
two years of satisfactory or superior performance in graduate school for
predoctoral fellowships. The largest attrition in graduate training occurs
during the first two vears, and most NIGMS fellowships are awarded in the
third and fourth years (Figure 15). Traineeships, which are awarded in the
first and second years, support the less tested and selected group, and this
probably accounts for their lower PhD) attainment rate.

These Ph) attainment rates of NIGMS trainees and fellows compare
favorably with those available from the few comparable studies that have
been reported. For example, studies conducted by the American Institute of
Physics** show that of 3,800 beginning graduate students in physics in
1962-1963, only about 1,100 received PhD'’s in 1966-1967. This corresponds
roughly to an attainment rate of 30 percent.

A follow-up study of doctorate attainment was conducted in the Office

. of Scientific Personnel as part of research on fellowship selection of National

Science Foundation fellows.?s It showed that of all NSF bioscience applicants
who were first-year graduate students in 1955 and 1956, 76 percent of the

*2The difference in baccalaureate-to-doctorate time lapse for those receiving less
than 12 months of support versus that for those receiving more than 12 months of support
does show some statistically significant variation. but differences in median time lapse (6.2
versus 6.0) are of little practical significance,

*3The bars in Figure 18 do not indicate cumulative percentages. They show the
percentage of each of 10 cohorts who had received Phl)s by fiscal year 1967. One such
cohort was the group of “trainees only” who had had their baccalaureates for at least 10
years, another was the group of students who had had their baccalaureates for 9 years, etc.

24 Physics Education, Employment, and Financial Support (American Institute >f
Physics, New York, 1964), Publication No. R-161. .

*3Some Characteristics of First-year and Intermediate Fellowship Applicants Eight

to Ten Years Later, Technical Report No. 24 (National Academy of Sciences, Washington,
1.C., 1965), p. 15.
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FIGURE 18
Percentage of NIGMS pre-PhD trainees and fellows attaining the PhD, by years since the baccalaureate.
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FIGURE 18 (continued)

PERCENTAGE ATTAINING PhD GROUPED BY YEARS SINCE BACCALAUREATE

Source:
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NIGMS. Statement of Appointment of Trainee and Fellowship Award Statement.
National Research Council, Office of Scientific Personnel, Doctorate Records file.
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FACTORS RELATED
TO DOCTORATE
ATTAINMENT

Field Switching

Post-Training Careers

fellowship awardees had received Phl)’s ten years later, and only 34 percent
of the nonawardees had received Ph1)'s by that time. FFor NSF fellowship
applicants who were in the second or later year of graduate work in 1955 and
1956, the percentages were 89 percent for the awardees and 70 percent for
the nonawardees. The over-all total for the bioscience applicants, summing
awardees and nonawardees and all graduate levels, was 60 percent. The
performance of NIGMS trainees and fellows compares very favorably with
the highly selective NSI fellowship program.

A follow-up study of National Defense Education Act (NDEA)
fellowship recipients was carried out for the U.S. Office of Kducation by the
Bureau of Social Science Researci. Ine Matehing the records of 5,529
NDEA fellows for the period 1960-1963 against the Doctorate Records File
showed that 2,497 (45 percent) had attained research doctorates by fiscal
year 1968,

A comparison of characteristics of N1GMS-supported pre-PhD s who did and
who did not attain the doctorate by fiseal year 1967 is presented in Table 233,
Men are more likely to ecomplete the PhD than women. There is no signifi-
cant difference between the percentage of U.S. citizens and the percentage of
foreign nationals attaining the PhD. A greater percentage of those with
fellowship support than those in the “traineeship only” category completed
the degree, retlecting the fact that fellows are selected from students who are
well along in graduate work. Perhaps the most striking statistic in the table
is the difference between the two groups in amount of support. The PhD
recipients received markedly more support (in months and dollars) than did
the non-PhD’s. It appears, therefore, that while the total amount of NIGMS
support does not correlate strongly with time lapse to PhD, it does correlate
with ultimate attainment of the degree.

Students in most academic specialties experience a certain amount of
shifting in career choice in the course of graduate work, and bioscience
students are no exception. Table 24 shows the shifting of NIGMS-supported
pre-PhD students from baccalaureate to training field to doctoral field. For
example, of 899 persons who received NIGMS support for training in
biochemistry, 185 (20 percent) had obtained baccalaureates in one of the
bivsciences, 589 (66 percent) had obtained their baccalaureates in chemistry,
and the remaining 125 (13 percent) had obtained their baccalaureates in
some other field. After training, 732 of the 899 (81 percent) obtained their
research doctorates in biochemistry and 167 (19 percent) obtained their
research doctorates in some other field. In some universities, graduate
education in biochemistry is given in departments of chemistry, and degrees
are awarded in this discipline. '

The shifts between baccalaureate and training field are somewhat

~difficult to interpret because many training fields do not exist as baccalaure-

ate majors. It is of interest to note, however, that only 40 percent of the
bioscience trainees and fellows were baccalaureates in any of the biosciences.

‘Chemistry majors and other science majors constitute most of the input to.

the NIGMS research-oriented training programs.

Comparison of initial training field and PhD field shows that 66
percent of the trainees and fellows received doctorates in the same academic
field as that of training.

The ultimate impact of the training program is its effect on the professional
capabilities of bioscience research manpower. After training. what kinds of
professional careers do NIGMS-supported students pursue? For whom do
they work? What is their major work activity? Do they do productive
research? This final section presents data showing type of employer and type

Bureau of Social Science Research, Ine, Stady of NDEA Title IV Fellowship
Drogram, Phage 1 (W ashington, D.C., 196R8),
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FIGURE 18

First postdoctoral employer and primary work activity of fiscal year 1962-1967
bioscience research doctorates who had or had not received NIGMS pre-PhD
support.
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. with NIGMS pre-PhD
support
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| 0

.7 POSTDOCTORAL  RESEARCH TEACHING  ADMINISTRATION  OTHER
RESEARCH
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Source: National Research Council, Office of Scientific Personnel, Doctorate Records File.
NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement.

of work activity for PhD recipients with NIGMS support and without
support, and it supplies data about the post-training careers of trainees who
did not attain the PhD. These data are based on a follow-up letter that was
mailed to 800 pre-PhD trainees who had received their first NIGMS
appointment in the period 1958-1960, supplemented by data from the
National Register of Scientific and Technical Personnel for trainees of the
period 1961-1962. Of the 800 letters mailed, replies were received from 595
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FIGURE 20
Primary work activity of NIGMS pre-PhD trainees immediately after receiv-

ing a research doctorate and 4 to 7 years later; and for those without a re-
search doctorate, 6 to 8 years after training.
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RESEARCH TEACHING  ADMINIS-  OTHER RESEARCH TEACHING ADMINIS- OTHER
TRATION . TRATION
PRIMARY WORK ACTIVITY

*Seventy percent of the NIGMS pre-PhD trainees who obtained a PhD were awarded the degree between 1961
and 1964. Therefore, their reported work activity in 1968 was about 4 to 7 years after obtaining their degree.

“'Source: NIGMS. Statement of Appointment of Trainee.
National Research Council, Office of Scientific Personnel, 1968 Follow-Up Study
of 1958-60 NIGMS pre-PhD's, and Doctorate Records File.

__National Science Foundation, 1966 National Register of Scientific and Technical
Personnel. : .

persons (74 percent); 480 of the 595 had attained research doctorates by
fiscal year 1967. Information about an additional 327 trainees of the period
1961-1962 who had not attained the PhD by fiscal year 1967 was obtained
from the National Register. Types of pustdoctoral employers and types of
postdoctoral work activities for these 922 former trainees are described in
Figures 19 and 20 and in Table 25.

Figure 19 indicates immediate postdoctoral employers and immediate
postdoctoral work activities for three groups of bioscience doctorate
recipients: (1) those who had received NIGMS trainee or fellowship support;
(2) those who had not received NIGMS support but had obtained their doc-
torates from departinents with NIGMS training grant programs; and (3)
those without NIGMS support and from departments that did not have
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NIGMS training grant programs, The three groups showed little variation in
types of first postdoctoral employers, but they did show large differences in
types of first postdoetoral work activities, , '

Those doctorate recipients with NIGMS support were more likely
than nonsupported PhD’s to obtain immediate postdoctoral fellowships. The
greater percentage of the non-NIGMS-supported doctorate recipienis be-
came employed full-time, with research as their major work activity. The
preselection of the more qualified students for traineeships and fellowships
continues to be retlected in their subsequent ability to compete successfully
for postdoctoral fellowships. Students who have not had this support are
probably older than those in the supported group. sii:ce achievement of the
degree takes more time for them, and they may therefore find it expedient to
enter more permanent positions immediately.

Figure 20 compares the immediate postdoctoral work activity of
NIGMS-supported pre-PhD trainees with their work activity four to seven
vears after receipt of the doctorate. It is apparent from these data and from
similar studies that other functions compete with research more and more
strongly as the person gains work experience, Of the doctorate rec’pients
who were in their first postdoctoral year, 24 percent were engaged in

TABLE 25

Employer and Primary Work Activity in 1966-1968 of NYGMS Pre-PhD Trainees Who Did or Did
Not Receive Research Docturates

L - ]

Percentage of NIGMS Fre-PhD Trainees Who Received the PhD

By Employgr in 1966-1968 . By Work Activity in 1966-1968
TOTAL 100 TOTAL 100
COLLEGE OR UNIVERSITY 43 Research §7
HOSPITAL 29 Teaching 24
GOVERNMENT s : Administration - 10
NONPROFIT ORGANIZATION 4 Professional Services 6
INDUSTRY OR BUSINESS 1 Other 3
OTHER 8

Percentage of NIGMS Pre-PhD Trainees Who Did Not Receive the PhD

- By Employer in 1966-1968 By Work Activity in 1966-1968
TOTAL 100 TOTAL 100
COLLEGE OR UNIVERSITY 22 - - """ Research T T T T T 48 )
HOSPITAL 23 Teaching 13
GOVERNMENT 20 : Administration 12
NONPROFIT ORGANIZATION ¢4 ' Professional Services 20
INDUSTRY OR BUSINESS 19 Other 7
OTHER 12

S R

Source: NIGMS, Statement of Appointment of Trainee,
National Research Council, Office of Scientific Personnel, 1968 Follow-Up Study of
1958-1960 NIGMS Pre-PhD'’s, and Doctorate Records File.
Nau‘o:lzal Science Foundation, 1966 National Register of Scientific and Technical Per-
sonnel.
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FIGURE 21
N!edign number of publications and citations appearing 1964-1967 per
bioscience research doctorate of 1961.1963, with and without NIGMS

pre-PhD support.
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Source: Institute for Scientific Information, Source Index and Citation Index, 1964-1967. .

NIGMS, Statement of Appointment of Trainee and Feliowship Award Statement.
National Research Council, Office of Scientific Personnel, Doctorate Records File.

nonresearch activities. This percentage grew to 43 percent for those with
four to seven years of postdoctoral experience. Administration was reported
by only 1 percent of the first group, but by 10 percent of the latter group;
~ teaching increased from 19 percent to 24 percent. T ST
- " Although the proportion of those engaged in research (including
postdoctoral fellowship research) dropped from 76 percent to 57 percent, in
general, the former trainees appear to be more research-oriented than their
colleagues. When compared with all bioscience PhD)'s in the National
Register of Scientific and Technical Personnel, 57 percent listed research as
their primary work activity, as compared to 46 percent for the Register
bioscience Phi)'s, 24 percent listed teaching (29 percent in the Register), and
10 percent listed administration (17 percent in the Register), It must be
remembered, however, that faculty members who list research ax their major
function contribute substantially to the teaching programs in their institu-
tions. '
Figure 20 and Table 25 also compare the work activities of trainees
who had received I’hD)'s with those who had not received PhD)’s by fiscal
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SUMMARY

year 1967, The data show that 45 percent of the non-PhD's had found
employment in a aniversity or hospital, and so were contributing to
education and health-related activities. The effect of the traineeship is
reflected also in the fact that 48 percent veported research as their primary
work activity,

Table 26 and Figure 21 compare the publication and citation counts
for NIGMS-supported bioscientists with counts of nonsupported bioscien-
tists who received PhI’s from NIGMS-supported departments Both groups
were Phl) recipients during the period 1961-1963, and the publication and
citation counts are for the period 1964-1967. Therefore, the two groups have
been matched for time of receipt of PhD, type of graduate department, and
period of publication; however, the proportion of bioscientists within each
subfield was not matched. The results are tubulated by PhD field.

The median number of publications (1964-1967) for the former
NIGMS trainees was 4.0 compared with 2.1 for the non-N1GMS group, Only
13 percent of the NIGMS group had no publications during this four-year pe-
riod, compared with 22 percent for the non-NIGMS group. The differences in
citation rates are even more striking. Former trainees have a median of 14.1
citations to their works (1964-1967) as compared with 4.4 for the non-
NIGMS group. These data indicate that the NIGMS trainees who attained
PhD)'s were generally more productive in their research than PhD’s from
matched fields and departments who had not been NIGMS trainees.

® After a period -of initial growth, the numbers of NIGMS-supported
trainees and fellows leveled off in 1965 at approximately 7,700 and 1,100
per year, respectively.

® In the period 1958-1967, a total of 28,5603 persons received NIGMS
training support. Of these, 23,380 were “trainees only”; 3,759 were “fellows
only”; and 1,364 received both traineeship and fellowship support.

® The typical pattern of support was to use traineeship funds to support
the student during his first one or two years of graduate work and then shift
him to some other form of support, such as an NIGMS fellowship or perhaps
a research assistantship for the remaining two or three years until he
completed the PhD),

® During the course of their graduate study, the NIGMS-supported
students did receive support from other sources, but they were much less
likely to be dependent on their own earnings or research assistantships than
non-NIGMS-supported bioscience graduate students.

® The baccalaureate-to-PhD time lapse for NIGMS trainees and fellows
wasone to - oyearsless than for non-NIGMS-supported doctorate recipients

-in matchee  lds and from matched graduate departments,

® The PhD) attainment rate for NIGMS-supported students compared
favorably with that reported in the few similar studies available. About 50
percent of the pre-PhD “trainees only’ ultimately attained the PhD; 80
percent of the “fellows only™ attained the degree; and 85 percent of the
“trainee-fellows™ received PhD's. This compared with a 76 percent attain-
ment rate for all NSF bioscience fellowship awardees who were first-vear
graduate students in 1955 and 1956 and a 45 percent attainment rate for
NDEA fellowship recipients of the period 1960-19623,

® The NIGMS training program drew heavily for student input from
baccalaureate majors in chemistry and other nonbiological sciences. Howev-
er, most trainees (59 percent) who received PhD's indicated their PhD field
to be the same as the training field.



4

@ A larger proportion of doctorate recipients with NIGMS support
assumed immediate postdoctoral research fellowships than did those without
this support,

® As the doctorate-recipient group guins professional maturity, it per-
forms more diversified functions., By 4-7 years after the doctorate, the
proportion of former NIGMS trainees engaged primarily in research
(including postdoctoral fellowship research) dropped from 76 percent to 57
percent, The percentage in administration and in teaching inereased.

@ [Iorty-five percent of the trainees who did not attain the PhD found
employment in universities or hospitals and were engaged in health-related
activities. The training programs are therefore contributing skilled persons
to the biomedical manpower pool in addition to those who attain the doctoral
degree, :

® Doctorate recipients supported previously by NIGMS training grants
produced on an average more publications of higher quality (as judged by
number of citations to their work in the literature) than thuse without
NIGMS support and from matched graduate departments,



CHAPTER V

CONTINUATION

RECOMMENDATIONS

CONTINUATION

LEVEL OF SUPPORT

PATTERNS OF SUPPORT AND ADMIN ISTRATION
CONTINUED EVALUATION

The Advisory Committee of eight bioscientists met frequently during the
course of the study to review the data and suggest additional questions that
needed more thorough investigation. The resulting tabulations were many
times as detailed and voluminous as those presented in this report. After
studying all the information that had been collected, the committee held two
final meetings—a four-day meeting in J uly 1968 and a two-day meeting in
December 1968—devoted to the difficult task of interpreting and evaluating
the data. The following recommendations summarize the committee’s
judgments of the implications of the study to NIGMS. The recommendations
have been grouped into four major categories, :

Recommendation: Although the rapidly changing character of graduate
education hampered evaluation of the effects of the Graduate Research
Training Grant Program on total bioscience PhD production, the program
did have measurable positive impacts on the departments and on the

'students. The program, therefore, should be continued.

The goals of the training grant program, as stated in the intrpductpx_'y__ o

-chapter of this report, are being achieved.

1. The program has had a positive impact on the training depart-
ments:

4. Graduate student enrollments and PhD production of depart-
ments with grants increased at a faster rate than did those of departments
without grants. In biochemistry, for instance, the number of full-time stu-
dents in departments with NIGMS support doubled between 1960 and 1965,
but enrollments in departments without Support went up-only 50 percent.
When matched for PhD output before 1958, the PhD pioduction of depart-
ments with NIGMS support increased about twice as fast between 1958 and
1967 as corresponding outputs in departments without support. Fven
though other factors also contributed to these differential growth rates, the
training grant program appears to affect PhD output positively. The exact
amount of the effect cannot be determined from the data,

3
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LEVEL OF SUPPORT

b. The departments added new equipment, which expanded their
research training capacities.

¢. Departments were able to add new faculty and strengthen their
programs.

d. Training grants facilitated the development of new PhD-grant-
ing departments and interdepartmental programs.

e. In applying for training grants, departments were required to
make careful evaluations of current graduate programs, and this eritical
re-examination frequentlv resulted in program revision,

2. The program has had a positive impact on the training of
students:

a. The PhD attainment rate of students receiving N1GMS support
was high. About 50 percent of the NIGMS pre-PhD trainees and over 80
percent of the NIGMS pre-PhD) fellows attained the degree. These attain-
ment rates compare favorably with those reported in the few similar studies
available from other programs. :

b. The baccalaureate-to-doctorate time lapse for students with-
training grant support is less than that for students in the same depart-
ments, but without NIGMS support, by one or two years.

¢. Almost 50 percent of the bioscience doctorate recipients who
had received NIGMS training support were awarded immediate postdoctoral
research fellowships, while only 29 percent of doctorate recipients from the
same departments, but without NIGMS support, were awarded postdoctoral
research fellowships.

d. Doctorate recipients supported by NIGMS grants produced. on
the average, twice as many publications as nonsupported PhD’s from the
same departments, and their publications were cited three times as often by

“others, suggesting research of higher quality.

Recommendation: The number of students supported annually by the
NIGMS training grants should be determined by the national need for
high-level bioscience manpower. Until wide-ranging studies of societal need
for such manpower for research, teaching, and administration can be
completed, it is recommended that the results of recent studies be accepted to
establish temporary manpower goals. These available studies suggest that
the number of bioscience doctorates should be increased—perhaps doubled
—to meet future requirements. '

1. The projection of manpower requirements is an uncertain process
dependent on the nature of the assumptions made. Data cited in the
introductory chapter indicate that the projected supply of bioscientists with
research doctorates is' markedly less than the projected demand. These
scientists will be needed to perform research, staff medical schools, and teach

" in the biosciences in colleges and universities,

2. An adequate baccalaureate pool exists—adequate in numbers and
quality—for an expansion of doctoral output.. Comparison of the number of
hioscience PhD’s with numbers of bioscience baccalaureates shows a ratio of
roughly 1 PkD to 12 baccalaureates. This ratio is about 1 to 6 for the physi-
cal sciences. The Academic Performance Index of bioscience baccalaureates
compares favorably with those of baccalaureates from other disciplines.
Therefore, a doubling of the ratioc of Phl)’s to baccalaureates in the
biosciences should be possible without a lowering of the quality of output.

Recommendation: The stipend level for pre-PnD NIGMS trainees should be
increased. An initial step increment of 25 percent should be made, and,
thereafter, stipends should be related to the cost-of-living index.
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1. The NIGMS stipend for a pre-PhD trainee ($2,400-$2,800 per 12
months), even when supplemented by a dependency allowance of $300 per 12
months per dependent, is about half the average yearly expenses of a
bioscience graduate student. In recognition of this fact, present government
policy allows universities to “supplement” student stipends from non-Fegor-
&l funds in an amount not to exceed $1,000 per 12-month period.* The
recommended 25 percent increment would bring the annual stipend level to
$3,000-$3,500 and would remove the need for the university supplement,

2. If the above recommendations (increasing both the number of
trainees supported and the stipend per trainee) were put into effect, a large
increase in training grant funds would be required. In addition, however, it
should be recognized that increased support for traineeships, while neces-
sary, is not sufficient. Research training implies the existence of active
research programs and research facilities in the departments involved.
Theretore, increasing the number of trainees requires also increased support
for research and research facilities, It is recommended that NIGMS training
grant support be coordinated with planning for research and fucilities
support by NIH.

3. The committee recommends also that a separate study be made
with regard to the adequacy of NIGMS postdoctoral stipends,
Recommendation: A cost-of-education allowance equal at least in amount to
the stipend allowance should be provided by NIGMS to be used in improving
the research training capability of the department,.

Data indicate that the cost-of-education portion of the total training
program support has been decreasing in recent years. In 1966, cost-of-educa-
tion support amounted to $23.2 million, or 53 percent of the total training
program support. By 1968, this amount decreased to $21.1 million, or 47
percent of the total. The committee recommends that this suppert not drop
below 50 percent because of the importance of these funds to departments in
maintaining training capability and quality.

Recommendation: The present NIGMS policy of utilizing peer judgment by
competent bioscientists in the selection of review and advisory committees
should be continued. However, a broader representation of the bioscience
professional community should be sought in such consultation.

The committee proposes that a systematic procedure be developed
that would allow departnient chairmen, professional society personnel, and
other groups to cooperate with NIGMS in devising lists of potential
committee members. Review and advisory committee members should be
selected by broad sampling from these lists.

- Recommendation: It should be possible to move students on and off training

grants as local conditions demand. Any student who has been supported at
any time by the training grant should be credited to the training grant
program when the effectiveness of the program is being evaluated.

1. The data show that most trainees received training grant support -
for one or two years, typically during the first two years of graduate work.
The remaining two or three years of work were generally supported from
other sources, including fellowships and research assistantships. In contrast
to this actual practice, recent NIGMS policy has required trainee appoint-
ments to be for the full period of graduate training. The committee
recommends that the NIGMS policy be made more flexible by permitting the
department to utilize the various methods of graduate student support at its -
disposal 43 seems most helpful for the graduate student.

2. In evaluating the effectiveness of graduate student support
programs, the PhI) recipient is often credited to the source of support during
his final year of graduate study. This process seriously underestimates the

*As of June 14, 1968, policy changes in NIH removed the $1000 limit from
non-Federal supplementation. Under special circumstances, supplementation up
to $1000 per annum from Federal, but not NIH, funds may be permitted.
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contribution of the NIGMS training program, which has supported many
students during the initial stages of graduate training but not during the
final year of study for the doctorate. Therefore, it is recommended that all
students supported by NIGMS traineeships at any time in their graduate
work be counted as recipients of NIGMS aid.

Recomitendation: Present N1GMS policies, which (1) emphasize predoctor-
al training, (2) attempt to balance support between on-going programs and
new programs in departments where quality can be developed, and (3)
continue departmental support for new programs for a minimum of five
years, are useful and should be continued.

1. For those nonclinical disciplines where attainment of the PhD is
the normal goal of the training program, primary emphasis should continue
to be placed on supporting the predoctoral programs. Other sources of
support, such as research grants, would be generally more appropriate for
postdoctoral students,

2. The quality and productivity of on-going programs and newly
established programs should continue to be assessed periodically.

3. The data show that the time lanse from graduate school entry to
the PhD for pre-PhD trainees is between five and six years, so support for
training programs at institutions should ordinarily continue for a minimum
of five years.

Recommendation: The NIGMS Graduate Research Training Grant Pro-
gram should have among its goals that of providing an opportunity tor the
educationally and culturally disadvantaged to pursue careers in biomedical
research. It should be recognized that such students may require more
support than currently enrolled students. Such programs should be evaluated
carefully to see that they have attained their stated objectives, making
allowances for the beginning level of the students,

Recommendation: Periodic evaluation of the NIGMS training program is
desirable. Future evaluation would require the continued collection of data
describing the various aspects of the program, including quality aspects, as
objectively as possible. However, there will continue to be a need for expert
subjective evaluation of these programs.

1. The present study is based on a large number of objective data that
describe many aspects of the NIGMS training program during the past
decade. These descriptive statistics are essential for evaluation and for

administrative uses. They should continue to be gathered. The data file will
become increasingly valuable with time., ‘

2. Evaluation of the NIGMS program-—as opposed to its description
—presents many difficulties, which have been discussed in this report.
Future studies will continue to need expert subjective judgments provided
by people with broad experience in the areas being surveyed. ' '

3. In addition to the rather general evaluative problems noted above,
some very specific ones appeared during the study:

® Information about the contribution to training of other NIH
institutes was available in part (introductory chapter) but not in sufficient
detail. Future studies would be more meaningful if all NIH institutes with
training programs participated.

® Comparative statistics (NIGMS versus non-NIGMS) were
frequently not available. The committee suggests that NIGMS support the
collection of relevant data from departments without training grant pro-
grams in order to provide comparative data.
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@ Some greater degree of coordination should be instituted so
that NIGMS data collection and coding will be maximally compatible with
that from other data sources. For instance, specialties lists from the National
Institutes of Health, the National Science Foundation, the U.S, Office of
Fducation, and the National Academy of Sciences describing academic fields
differ widely, introducing the possibility of error when these data sources are
merged,

® Certain potentially valuable data sent to NIGMS from the
NIGMS-supported departments are not in readily retrievable form. For
example, the expenditure reports contain very useful information, but the
data are not in machine-retrievable form and so are not readily available for
analysis. The committee suggests that procedures for collecting und storing
data be modified to make data more usable,

® Merging of all NIGMS traineeship and fellowship records for
a given individual would be greatly facilitated if each record contained the
person’s Social Security Number.,
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APPENDIN A

History of Federal Government
Support for Research and Training
in the Biomedical Sciences

An expanding research-and-development program requires an increase in
the number of scientists prepared to carry out the investigations involved.
This was clearly recognized during World War I and, at that time, the
National Academy of Sciences was called on to mobilize the nation's
scientific personnel and capabilities to the support of the war effort. The
National Research Council (NRC) was created by the Academy to organize
research-und-development projects essential to the conduct of the war and to
locate and secure the scientific personnel and facilities needed to implement
these projects. After the war, the g. ernment asked the NRC' to continue its
activities with the purpose of ‘“‘n.reasing knowledge, strengthening the
national defense, and contributing in other ways to the public welfare.”

Meanwhile, the scope and responsibilities of the Public Health
Service,reorganized in 1912, were broadened by Congress to include support
of research training. In 1930, the Hygienic Laboratory was redesignated by
an Act of Congress as the National Institute of Health. In this legislation
(PL 71-251) the first authority was given for the establishment of fellowships
within the NIH. The Institute was authorized to assume training responsi-
bilities in the area of its interest.

Sec, 3. Individual scientists, other than commissioned officers of the
Public Health Service, designated by the Surgeon General to receive
fellowships may be appointed for duty in the National Institute of
Health established in this act. During the period of such fellowships
these appointees shall hold appointments under regulations promul-
gated by the Secretary of the Treasury and shall be subject to
administrative regulations for the conduct of the Public Health
Service. Scientists so selected may likewise be designated for the
prosecution of investigations in other localities and institutions in
-this and other countries during the term of their fellowships.
" (emphasis added) . T

The direct training authority was extended in 1937 by the Act that
established the National Cancer Institute (PL 75-244) and its National
Advisory Council.

Sec. 2. The Surgeon General of the Public Health Service is author-
ized and directed:

(d) To provide training and instruction in technical matters relating
to the diagnosis and treatnent of cancer;

(e) To provide fellowships in the Institute from funds appropriated
or donated for such purposes. (emphasis added)

During World War II the crucial need for research scientists was
again brought to the attention of the nation. The research training program
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necessary for maintaining an adequate force of trained scientists became a
matter of great import. As a means of assuring an adequate and continuous
pool of trained scientific personnel, Vannevar Bush, Director of the war time
Office of Seientific Research and Development, recommended in the summer
of 1945 that a National Research Agency be established and funded by
Congress “for promoting the flow of new secientific knowledge and the
development of scientific talent in our youth,” After extended debate in
Congress on the purposes, prerogatives, and authority of such an agency, the
National Science Foundation (NSK) was established in 1950, Among the
purposes of the Foundation was that of “awarding scholarships and
graduate fellowships in the mathematical, physical, medical, biological,
engineering, and other sciences.” The NSF was charged with the formulation
of a broad national policy designed to assure “that the secope and the quality
of basic research in this country were adequate for national security and
technological progress.” The research program of the Foundation was not
intended to supersede the basic research programs of other agencies, but it
was given the responsibility for a continuing analysis of the whole national
endeavor in basic research, including the evaluation of the research
programs of other Federal agencies.

In 1944, by the Public Health Service Act (PL 78-410), the Surgeon
General, and through him the NIH, was given the general authority to
conduct research both intramurally and extramurally. Sec. 301 of this law
established the Public Health Service (PHS) as a granting agency in the
area of the medical sciences.

Seec. 301 (d). The Surgeon General shall conduct in the Service and
encourage, cooperate with, and render assistance to other appropriate
public authorities, scientific institutions, and scientists in the conduct
of, and promote the coordination of,. research, investigations, experi-
ments, demonstrations, and studies relating to the causes, diagnosis,
treatment, control, and prevention of the physical and mental diseases
and impairments of man...

In carrying out the foregoing assignment, the Surgeon General was
authorized by the Congress in PL 78-410, and subsequent amendments
thereto, to ‘*“make grants-in-aid to universities, hospitals, laboratories and
other private institutions and to individuals” for such research projects as
were recommended by the National Advisory Health Council and the
National Advisory Councils appointed for each Institute.

In 1946 the National Mental Health Act (PL 79-487) established a
National Advisory Council on Mer tal Health and a broad program of grants
with explicit authority for the support of training and instruction.

Sec. 303. In carrying out the purposes of section 301 with respect to
mental health, the Surgeon General is authorized . . . '

(1) To provide training and instruction, in matters relating to psy-
= _.chiatric disorders to persons found by him to have proper qualifica-
tions, and to fix and pay to any of such persons as he may designate
a per diem allowance during such training and instruction of not to
exceed $10, the number of such persons receiving such training and
instruction to be fixed by the National Advisory Mental Health
Council; and '
(2) to provide such training and instruction, and demonstrations,
through grants, upon recommendation of the National Advisory
Mental Health Council, to public and other nonprofit institutions, but

only to the extent necessary for the purposes of such training and
instruction. (emphasis added)

Late in 1945 a Research Grants Division (later named the Division of
Research Grants) was established in the NIH to administer (1) the projects
that were being transferred from the wartime Office of Research and
Development to the Public Health Service at the end of the World War II and
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(2) the extramural research grants and fellowships of the U.S, Public Health
Service as these developed under the authorization carried in the Public
Health Act. The mechanies for providing support for research and fellowship
E)rograms in medical and related sciences were thus established in the N1H.
Juring 1948, research grants and fellowship awards amounted to nearly $9
million. The related NSF program would make its first awards in 1950.

The National Heart Act (PL, 80-655) in 1948 authorized the
establishment of the National Heart Institute and changed the name of the
National Institute of Health to the National Inustitutes of Health. This act
also extended and broadened the training provisions contained in the
National Mental Health Act as follows:

See. 412. In carrying out the purposes of section 301 with respect to
heart diseases, the Surgeon General, through the |National Heart|
Institute ... shall ...

(g) In accordance with regulations and from funds appropriated or
donated for the purpose (1) establish and maintain research fellow-
ships in the Institute and elsewhere with such stipends and allowances
(including travel and subsistence expenses) as he may deem necessary
to train research workers and procure the assistance of the most
brilliant and promising research fellows from the United States and
abroad, and, in addition, provide for such fellowships through grants,
upon recommendation of the | National Advisory Heart! Council, to
public and other nonprofit institutions; and (2) provide training and
instruction and establish and maintain traineeships, in the Institute
and elsewhere in matters velating to the diagnosis, prevention, and
treatment of heart diseases with such s*ipends and allowances
(including travel and subsistence expenses) for trainees as he may
deem necessary, the number of persons receiving such training and
instruction, and the number of persons holding such traineeships, to be
fixed by the Council, and, in addition, provide for such truining,
instruction, and traineeships through grants, upon recommendation of
the Council, to public and sther nonprofit institutions.

Sec. 414. The Council is authorized to. ..

(c) review applications from any public or other nonprofit institution

for grants-in-aid for training, instruction, and traineeships in matters

relating to the diagnosis, prevention, and treatment of heart diseases,

and certify to the Surgeon General its approval of such applications for

%rants-in-aid as it determines will best carry out the purposes of this
ct...

By 1950 seven instituies had been authorized and established as

‘components of the “National Institutes of Health.” These were:

Date . . ) .
Established Name _ ) Public Law
1937 National Cancer Institute (NCI) 75-244

1946* National Institute of Mental Health (NIMH) _ 79-487

1948 National Heart Institute (NHI) 80-655

1948 National Institute of Dental Research (NIDR) 80-755

1948 National Institute of Allergy and Infectious Diseases Administrative
(NIAID) action

1950 National Institute of Asthritis and Metabolic Discases 81-692
{NIAMD)

1950 (l;‘nt::lr;al)lnstitute of Neuroclogical Diseases and Blindncss 81-692

{INDB

*Established as the Division of Mental Hygiene in 1946, renamed as the National Institute of Men-
tal Health in 1949, and separated from the NIH and raised to bureau status in the PHS by a PHS reor-
ganization effective January 1, 1967.
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The PHS Acts Amendments (Pl 81-692), which established the
NIAMD and NINDB, extended the training authority to the institutes
already in existence or to be established in the future, where such training
authorities were not otherwise provided:

Sec. 433 (a). Where an institute has been established under this part,
the Surgeon General shall carry out the purposes of section 301 with
respect to the conduct and support of research relating to the disease
or diseases to which the activities of the institute are directed
(including grants-in-aid for drawing plans, erection of buildings, and
acquisition of land therefor), through such institute and in coopera-
tion with the national advisory council established or expanded by
reason of the establishment of such institute. In addition, the
Surgeon General is authorized to provide training and instruction
and establish and maintain traineeships and fellowships, in such
institute and elsewhere, in matters relating to the diagnosis, preven-
tion, and treatment of such disease or diseases with such stipends and
allowances (including travel and subsistence expenses) for trainees
and fellows as he may deem necessary, and, in addition, provide for
such training, instruction, and traineeships and for such fellowships
through grants to public and other nonprofit institutions. The
provisions of this subsection shall also be applicable to any institute
established by any other provision of this Act to the extent that such
institute does not already have the authority conferred by this
subsection.

The authority for the support of training and instruction was rather
specifically pointed to “professional training related to the cause, prevention,
methods of diagnosis, and treatment” of the particular disease or group of
diseases constituting the scope of activity of the particular institute. Because
of restrictions in their responsibilities and prerogatives arising from their
“disease orientation” designations, these institutes have become known as
the “categorical institutes.”

In 1946, the Division of Research Grants (later sometimes called the
Division of Research Grants and Fellowships) was given the responsibility in
the NIH of operating and administering a program of extramural research
grants and fellowships of both a categorical or a noncategorical nature.
Initially, 21 study sections were appointed to consider applications for
grants and to make recommendations to the various National Advisory
Councils whose function it was to advise the Surgeon General on the worth of
. the applications. These study sections were broad enough in the areas
covered to allow consideration of applications from any basic area of medical
and related sciences.

The purpose of the Research Grants program inaugurated at that
-time under authority of the Public Health Service Act (1944) was:

.+« to stimulate research in medical and allied fields, research that would
not be undertaken otherwise because of lack of support, by making
available funds for such research and activelﬁ' encouraging scientific
investigation of specific problems on which scientists agree that
urgently needed information is lacking. Accompanying this purpose
is complete acceptance of a basic tenet of the philosophy upon which
the scientific method rests: the integrity and independence of the
rescarch worker and his freedom from control, direction, regimenta-
tion and outside interference. :

The purpose of the Research Fellowship program established in 1245 under
the same authorization was:

... to further the development and training of competent research
workers in the medical sciences and related fields . . . and is closely
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related to the purposes of the Research Grants prograni |[These
fellowships were to be available].. .to individuals who have had
postgraduate work in institutions of recognized standing in the
various fields of medicine and related sciences, such as biology,
chemistry, physies, and entomology, public health, medicine, dentist-
ry, Veterfnary medicine and others.* .

A primary objective of the Fellowship Award program was to
stimulate promising young scientists toward the improvement of their
research capabilities, It could also serve to inerease and upgrade the
scientific manpower pool available to carry on the needed research and
teaching in the medical sciences. The Research Grant program was
established to stimulate and encourage existing trained scientists to carry on
studies needed to expand knowledge in the critical health-related fields. Both
programs could function, however, only through existing training centers
(e.g. established universities) and would not serve, directly, to stimulate the
establishment of new training centers nor the improvement of the quality of
existing centers, Neither of these modes of support would have much direct
influence upon the population of scientific personnel to whom such grants
and awards could be assigned.

At least two circumstances had to be provided to stimulate an
inerease in supply and quality of scientific manpower. First, the number of
andergraduate and graduate students who would eventually enter this area
of endeavor had to be increased. Secondly, the number of training
institutions offering the required training had to be expanded and the
quality of training offered by established training institutions, as well as by
newly formed institutions of that type, had to be improved. These goals could
be achieved by granting support (1) to students who were interested but as
vet uncommitted to the training disciplines that were needed and (2) to
institutions, also interested and either committed to or not yet committed to
offering training in these disciplines.

The “training and instruction” authority accorded the Institutes in
their fields of interest was pointed toward the goal of increasing the supply of
manpower capable of carrying out duties “in matters related to the
diagnosis, prevention, and treatment” of the disease category of the
particular institute involved. These categorical limitations severely restricted
the kinds of {raining that could be supported by a given institute. There
exist many fields of basic knowledge that impinge upon the problems rele-
vant to the disease assiynments of a given institute but that are of such
broad significance and application as to apply as well to the problems of all
the others. It was recognized that training programs would need to be given
support that (1) was of such a nature as to apply to the problems of more
‘thin one institute and (2) was not necessarily categorically oriented. As in
th.: cas« of the Research Grant program and the Fellowship Award program,
a mechanism was needed through which support of training and instruction
programs could be given not only in the categorical areas of health-related
problems but in all the basic areas of the field as well.

Correlated with a main objective of the Federal granting program, i.e.
that of increasing the size and quality of the nation’s scientific manpower
pool, is the need that the areas of manpower shortages e identified and that
the shortages be rectified through support of training programs focused on

these areas. Two such fields in which a eritical shortage of well trained ~

persons was early recognized and for which a training program could not be
restricted, as to interest and application, to any single categorical institute,

were the disciplines of biometry and epidemiology.

Early in 1962 the National Advisory Health Council adopted a
resolution that recommended that the PHS stimulate appropriate schools of

%7C. J. Van Slyke, “New Horizons in Medical Research,” Seienee, CIV (1946} 559,



publie health to undertake more active programs tne training biostatisticians
for vesciveh vareers, Following visits by o subcommittee of the National
Advisory Health Couneil, 1 number of applications from neeredited schools of
public health were submitted. There existed, however, ho niechanism
through which au area of wide, noneategorvically limited, application, such as
biotetry, could be aceorded support for training programs. In recognition of
the dire need that taining programs in biometry be initiated without delay,
the National Advisory Heart Couneil recommended that support he provid-
od, oft a one-year baxis, by the National Heart Institute, Six programs were
approved for support in 1953, In 1951 the National Advisory Heart Council
unanimously recommended reaftirmation of its intent to continue support of
the programs in these sehools for an additional five years, Other schools were
included in the program during 19556-1956. In 1956 the National Advisory
Cancer Couneil recommended approval of an epidemiology training grant. In
the same year, a8 a move designed to simplify their management, the
Division of Research Grants aceepted responsibility for administering the
training programs in these two areas, epidemiology and biometry, with
funds allocated from six institutes for this purpoese, Thus, the need for
training grant support in fields that could not be logically assigned to any
single categorical institute was recognized, and & mechanism was inaugu-
rated through which support could be given to such programs from funds
that were oviginally appropriated to the individual institutes,

It was already becoming apparent that & considerable expansion of
support into the various areas of the basic health-related sciences was needed
in order to stimulate the inerease in the manpower pool that was required for
carrying on essential research programs. Training in any of the basic
medical seiences could be expected to be utilizable in others, and in the more
applied areas as well. It was argued that training program support should be
accorded to all basic health-related sciences similar to that which was
currently being given the already designated areas of scareity, biometry and
epidemiology.

Many of the Institutes attempted to take care of these needs insofar as
possible but, because of the importance of such areas, various Study
Sections, Counecils, and Institutes urged that a special basic seience
training program be established. In October, 1957, the first announce-
ment went out to academic institutions throughout the country that
funds were available for the support of graduate training in the basic
medical sciences, . . .Early in 1958, undei' the administration of the
Division of Research Grants and with the strong support of all the
Institutes, two meetings were held of a new “General Research
Training Committee” . . . . This Commiitee recommended the ap-
proval of about $800,000 worth of training grants, This, then, was the
start of a program directly supporting training in the basic medical
sciences,*®

As an outgrowth of these and other forces, in June 1958 a new
"division in the Institutes, the Division of General Medical Sciences (DGMS)
- was formed by congressional directive. It was chartered to promote
“research and training through grants in all scientific fields basic to general
medicine, aging and public health, including the clinical and preclinical
sciences.” Thus, for the first time, Congress directed the Public Health
Service to support training in the basic sciences without the necessity that .
this training be associated with a particular disease or condition. In its
function this division would be noncategorically oriented in contrast to the

2pPrederick L. Stone, “A Brief History of the Research Training Grants Program
at the National Institutes of Health” (January 1959).



- some 30 disciplines in the basic medica

categorica) orientation of the institutes themselves, Administratively the
uew division consisted of; ‘

1. A Rescearch Teaining Branch charged with the responsibility of
promoting and directing biomedieal research training programs (involving
the awarding of training grants in biomedical researeh training areas), the
establishment of research fellowships in theze areas, and the “velopment of
experimental training programs in medical schools and relatea institutions,
It would promote inereased training opportunities in epidemiology, biomes
try, geneties, anatomy, biochemistry, pathology, physiology, pharniacology,
nurse research, and other special disciplines or areas,

2. A General Research Grants Branch to administer grant programs
in basic medical sciences relating to general medicine, aging, and public
health, including elinical and preclinical sciences,

3. A Center for Aging Research Branch (transferred from the
National Heart Institute) to direct a program aimed at bringing the full
range of biological, physiological, and social svience vesearch to bear on the
phenomenon of aging. (This branch was transferred to the NICHD in 1965.)
In 1962, under PHS Act Amendment (PL 87-838), The Division of General
Medical Sciences was raised to “institute” status and given the name,
National Institute of General Medical Sciences (NIGMS), At the same time
Congress authorized the establishment of a new Institute of Child Health
and Human Development (NICHD),

Authorization for the establishment of the NIGMS, contained in this
legislation, reads: .

Sec. 442, The Surgeon General is authorized, with the approval of the
Secretary, to establish in the Public Health Service an Institute for
the conduct and support of research and research training in the
general and basic medical seiences and related natural or behavioral
seiences which have significance for two or more other institutes, or
are outside the general area of responsibility of any other institute,
established under or by this Act.

This Act also specifically stipulated that, in Section 301 (d) of the PHS Act,
the phrase “research or research training projects” be used to replace the
more limiting phrase “research projects’” contained in the original, thereby
providing more explicit legislative authority for the training programs of the
entire Public Health Service,

Thus the eight institutes other than the NIGMS are authorized to
“provide training and instruction” in the areas of their interests. It would
also appear that these institutes may “conduct and support research and
research training” in these same areas. The NIGMS authorization stipulates
that it “conduct and support research and research training in the general
or basic medical sciences and related natural and behavioral sciences” with
no other limitations than (1) that the program to be supported must be
broader in application than can be circumseribed within the area of interest
of any single one of the categorical agencies and (2) that the programs to
be supported must provide training for research.

Since 1968, DGMS and NIGMS research training tgrants have
" constituted a major source of NIH suplport for the training of students in

sciences. By fiscal year 19687 NIH
- programs accounted for approximately three fourths of the total . ederal
support of graduate training in the biosciences (see Table Al), Table 2 in
Chapter I shows the NIGMS contribution to training grant and fellowship
aid as a percentage of the total NIH effort in these areas. Table A2 indicates
how the NIGMS training grant support has been distributed among the
various disciplines since 1958. . . . B
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TABLE A2
Percentage Distribution of Yotal NIGMS ‘{raining Grant Support, by Trainiag Field, Fiscal Years 1958-1968

Pervent of Total Funds by Fiscal Year . L o }
Field of Training 1958 [ 1959 [ 1960 | 1961 | 1962 ] 1963 | 1964 1 1965 | 1966 | 1967 | 1968
TG“AL A“ “'icl‘ilo R R R 9909 ! ‘wuo lm.o 9908 1000! 1mu° 99v8 lmtz ‘muz 9g!8 lO0.0
Anatomic_'al SClofCed o v v v v v e b e 86 74 6.7 7.3 64 S.'l 60‘ 60‘ 309 6.2 56
ﬁr}i.’!tht'm)logr IS I N B RN U 2.0 ‘.8 ‘.‘ luo l.o 009 9 ‘.l 2. 206 208
Clinical Anesthesiology « o v v v s o0 0o - - = - - - - - - 2.3 2.2
B‘Chiwim‘éll SCithL‘S LRI T I R R R I ) - — - - 006 1‘2 208 3.3 307 505 ‘02
Bmghcnf.isny,. AR 9.8 17..5“ hlg._'l_ }3.3_ ] 128 116 1278 1 17 lZ.3H 120 118
Biosinformation « o v v oo v v 00 a - 0.7 0.8 0.8 0.5 04 04 0.1 | a
Bi‘"nk’dic“l Enginm‘ﬂﬂs LI T B I ] b A - 0.5 006 007 los 106 203 300 300
Bi\"“e"’y ot o_o T R R R R R T I R I ] l7.l 9.9 7.3 s.? 6.0 6.5 7.0 6. 602 5.0 609
Blopbyﬂc‘d chcncés R - - - 4. 70‘ 600 602 60‘ 600 5.8 507
Continuing Scientitic Development . . . - - - - - - - 0.1 0.2 - -
Dermatology » v v v v vt v aa 0.7 1.1 1.7 b
Developmental Sciences o v v v v v v v 09 5.0 1 37 %) 4.1 ¢
Enyimu_mcmal Seiences . v v o000 - - - 2.7 2.6 3.7 d
Epidemiology « v v v v v vvvive e 1204 122 74 50 4.7 4.0 k¥ 3.1 2.6 17 2.5
Evaluatwll “ e o:—‘o R .W.A. . - - o.‘ 0.2 7 0.2 , 002 <o.l o.l o.l LQ
Experimental Colleges o v v o000y - - 1.0 0.6 1.3 1.2 1.2 09 0.8 0.8 0.7
Genetics .., . Frre et et 4.9 5.3 7. 80‘ 702 u6 701 7.‘ 6.‘ 6-2 601
Laboratory Animal Sciences v« v v v s - - - - - - - 0.6 0.7 - -
Medicinal Chemistry v v v v v o000 - - - - 0.3 04 0.5 0.5 0.6 1) 0.8
Medical Scientist + v v v v 0 v 0 v v - - - - - | - 1.0 09 , L6 21 3.2
Medical Student . o v v v v vi v v 16,9 8.0 3.7 3.3 3.1 4.1 3.8 3.7 30 0.8 t
Microbiology . « v v v v v v - - 74 74 8.5 79 74 7.3 6.7 6.1 6.5
Multi-biological Sciences « v v v v v v 00 - 1.0 1.0 0.5 1.4 3.4 4.0 3.7 3.8 g
Multi-medical Sclences v v o v v v vt 1.0 14 | 22 1.9 20 | 2t 1.5 L1 L1 X
N“r’insbbllbbbbbbbbbbbb.b. - - -— ",, 0.3 us 7! .
NUERILION « o 00 v 0 v v v v oo v oo - 0.2 06 | " 1.8 1.3 14 1.5 1.8 1.7 1.5 - 16
Pathology +.covvvvnvvrvives 1164 13.6 13.1 12.3 11.7 113 | 108 10.5 9.6 gs 9.1
Pharmacology « oo o vvvvvenvnn ) 9.2 95 | 88 7.8 77 | 84 84 82 | 1 7.5
Clinical Pharmacology + v o v v v v an - - - - - - - 0.3 0.4 0.8 0.8
PhVS‘Ology DO N R R L S OIS ‘06 604 803 801 9.1 80‘ 8.1 6.8 60‘ 600
Radiology T R R I R T T T D T B I ] L I ) -— - - - -— - o.s na z.s 3.‘ 3.5
su!’g I I R R I L T T T B B I B ) - - 0.7 o.‘ 0‘6 o.s 6 o.s 3.l ‘.l ‘02
Taxico og{’. TR - - 0.1 0.1 L1 0.1 0.6 0.8 0.9 1.3 1.1
Scientific Planning and Evaluation . . . . 1.8 0.8 0.5 1.1 0.5 0.s 0.6

4Transferred to National Library of Medicine (1966)
i Transferred to NIAMD (1961]
ransferred to NICHD (1964)
¢ Transferred to Environmental Health (1964)
hased out (1967)
hased out {{968)
kTransjbrred to Division of Nursing (1964} ,
Not available and rot taken into account in calculation of percentage distribution in the 1968 column

Source: NIGMS, Research Training Grants Branch.




APPENDIN B

NIGMS Academic Specialties Lists

Most of the tabulations in this report specify fourteen aeadenic fields
plus “All Other” and “Unknown.” The field of training of NJuUMS trainees
was taken from the academic specialty of the review committee that
considered the training grant application. The specialties list for these

committees is Appendix F in the NIGMS coding manual,

The field of training for NIGMS
“Discipline/Specialty/Field (D/S/F) Code
relationships among the flelds u

coding manual, and the D/S/F codes.

Training Ficlds
Uned in this Report

Trainee Fields from
Training Committee
Specialties Lint
(Appendix F)

fellows is coded from the NIGMS
8.” The following table shows the
sed in this report, Appendix F of the NICMS

Fellowship Fields
From 1/S/F codes

Riochemintyy
Pathology
Physiology
Microbiology
Pharmacology
Biometrics

Biochemistry
Pathology
Physiology
Microbiology
Pharmacology
Biomathematics
Biometry
Computer Research

Biochenistry

Pathology

Physiology

Micerobiology
Pharmacology
Biostatistics

Biometrics

Biometry

Computer Programming
Mathematical Biontatistics
Public Health Statistics
Mental Health Statistics

Anatomical Sciences Anatomical Sciences Anatomy
. " . ) . Bi J
Biophysics Biophysical Sciences RL:{I;::I}:;;S
Genetics Genetics Genetics
Other Biosciences Epidemiology Entomology
Multidisciplinary Hydrobiology
Biology Ecology
Cell Biology Cell Biology
Toxicology Zoology, NEC
) i Botany, NEC
- _ Biology, NEC

Other General Medical and
Biosciences

Chemistry

Medicinal Chemistry
Clinical Chemistry

Polymer Chemistry

Organic Synthesis
Medicinal & Pharmaceutical
Organic Chemistry

Physical Chemistry
Inorganic Chemistry
Analytical Chemistry

Other Chemistry
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Training Fields
Used in this Report

Trainee Fields from
Tratuing Conmitter
Specialties List
tAppendia ¥)

Feltowship Fields
From S/F cades

Physical Seienees &
Engiheering wexvl. Chem,)

A3

Biomedieal Faginvering

Ingineoring, health-velated
Fngineerinye

Matheimatios

Physies

sarth and relnted seiences

Houlth Sciences

Anesthesiology
¢liniea! Research
Medical Sceientint
Multidisciplinavy
Medicine
Nutritional Sciences
Clinical Pharmacology

Multidiseiplinary medicine
Radiation, nonclinical
Nutrition

Internal Medicine

Allergy

Pediutrics

Obstetrics

Gynecology

Surgery
Qtorhinolaryngology

‘Neuropsychiatry

Neurology

Prychiatry

Preventive Medicine

Qther Clinical Medicine

linical Dentistry

Health Administration
Nursing

Veterinary Medicine
Pharmacy

Accident Prevention
Disease Prevention &

Control

Dental Public Health
Mental Health

Water Pollution Control
Air Pollution Control
Snvironmenta! Engineering
Food Protection

Occupational Health

Medical Students

Medical Student Research

(No program in this area)

All other

Evaluation

Behavioral Sciences

Bio-Information

Experimental Collegen

Lab. Animal Scionces

Continuing Scientific
Development

- Not elsewhere

classified -

Psychology

Sociology
Anthropology

Social Work

Other Social Sciences
Agricultural Fields
Not elsewhere classified

#Clinical Research included radiology before 1866; since then, radiology has been a separate field.

90




APPENDIX (

State and Regional Summary
of Graduate Kdueation and Financial Support

in Selected Bioscience Fields®

% The selected bioscience fields include biochemistry, pathology, physiology, microbiology,
Pharmacology, biometrics, anatomy, biophysics, and genetics.

SOURCE:  NIGMS, Statement of A ppointment of Trainee and Fellowship Awerd Statements.
NIGMS Summary of Grants & Awards -- FY 1967. National Science
Foundation, Federal Support to Universities & Colleges FY 1963-1966 (NSF 67.14),
United States Office of Education, Enrollment for Advanced Degroes, Fall 1964,
National Research Council, Offics of Scientific Personnel, Doctorate Records File.

91



APPENDIX C
Stw and Rﬁbnﬂ_Summ‘uy of Graduate Education and Financlal Suppoct in Selected Biosclence Fields

Number of Biosclénce Graduate Nuniber of PhDGranting Depatiments in Selected [Number uf PLIY's i Selected Bloscieace Vields,

| Students Viscal Year 1965 | Biotclence Fields, Fiscal Vears 19581967 [Fiwul Your 1967 _
With NIGMS  |Without NIGMS] WIth NIGMS | Without NIGMS
T“"'ﬁ__._,,r!f‘ﬂ!:?!“_'; l{qt-wpn Tolal Support ~ |Support Total Tuineen;!p Tncxmhlp
, Por Pac: . Por- Poe- [N P Per- Pue. -
StrluundAqu:m o Number vant Number oent [Number cent |Number cent Number cent {Numbsi cent 5Numb¢x cont INumber cens {Number cent
TOTAL Al States 9276  wosln226 wa 2550 99ajuse  tooafes 1007k 998 2423 99872 ¢ 7 (L7 100a
Maine. 7 ol s ol 2 o1} 1 o - -l 02] - -~ 1- P ey -
New Hampshire 2 03] 24 03 1 -1 o8| 1 02 6 3] ¢ oa2)- - 6§ 04
Vatmont & o4l 3 os| 7 o3]S 66| 3 07| 2 o4t 3 o1 ol 2 ol
Masmichuselts 275 23] 20 34| 25 10 & s 2 47| 28 63| 114 €71} 48 &3 9 40
Rhiode Inland 27 o3| ‘4 o031] 13 as|1i 12| 3 o7l 8 18] 11 os| 3 o 8 03
Connecticut M9 231w 24] & 19 16 1.8} 13 29] 3 2 21| 2% 4| 28 1.6
TOTAL,
New England so6  61] €9 69| 97 8| @ 100| 41 92(48 10716 27|7m w213 66
New York 9l 94 6s¢ 90| 264 103 {100 112} 56 125] 44 99 {219 os]| @& 94 | 162 9.5
Now Jermy 178 18] 106 18] 712 28|17 19} 6 1.3{ 1) sl @ 1712 7| 29 1.7
Ponntyvania a6 47! 212 8] 1 12| & 64| 22 49 38 78100 42| 6] 0 41
TOTAL, ' '
Middle Atiantic 1552 1s9]1,012 143] s20 203 |1 19.5] 84 187090 202|373 1sefu2 87| 261 183
Ohio o0 3s]| 2 37| 95 20 30 33| 17 38l b 29] 6 21} 9 131 s6 3.3
Indian 31 26| 239 33 12 os]|2 26| 14 28l 1. 271106 4&!] 8 9] 43
Tilinois 88 70| S% 4] 152 ssl| @ 41! 28 62| 14 132 s4f 90| 68 40
Michigan 3 38| 69 ] 0 402 27| 16 36| 8 13] 100 &1 32 4s | 68 4.0
Wisconsin 30 371 299 a1l e 2411 1.6{ 10 22{ ¢ 09| 91 38|28 39| 63 37
TOTAL, i
East Notth Contral 2000 206l1608 222) a0y 189 [138 14.9] 82 1803 st e e9e 204160 226 333 198
Minnesota 210 33| 10 22) 160 63]10 1] 9 20] 1 02| 76 31|27 sl & 28
lowa 272 280 28. 35| 20 os|1? 19l 11 . 28| s 13] $8 241 % LIl o 29
Misouri 2 23] M0 15| 12 28] 2¢ 23] 12 27{ 12 ) 36 1s| 8 il 28 1.6
North Dakola s¢ os| 48 07 6 o02]'8s 09| 2 04| 6 1. 6 021 ol s 03
South Dakota 1t 02| 17 o2 1 - | 8 09] - - | 8 1. 8 03] - - 8 03
Nebraska 7% os|] 0 o4l e 19| 7 o8| 3 01! ¢ 6 L1 4 06 | 22 1.3
Kanss 199 20| 9 14 101 40| 16 18 9 20| 7 15| 53 22| 9 13] &« 28
TOTAL,
Wost North Coutral 11s¢ 18] 76 103 408 160 ] 90 10.1] 46 103} ¢4 99 | 263 108 87 80| 206 120
Delawars - -1 - - |- -1 4 od] - - | @ | 6 o2f- - 6 03
Maryland 06 1] 257 3s| & 19]16 1.8] 14 31| 2 ce| 8 24|27 is] A 1.8
District of Columbis 218 22| 136 19| @2 28 28] S 11] 20 es| 227 11]’s o7 ] 22 i
v 0 a7] 9 o8| 11 16 18] ¢ a9} 12 271 20 3 o¢ | 17 1.0
West Virginia 9 09| 43 06| € 18| 7 o8| ¢ o] 3 07] 15 a6 8 11 7 04
North Carolina 273 28| 200 28] 73 29|23 26 14 atl 9 20| 95 35|22 o] 63 3.7
South Caroline 3 o4 3% os|] - -1271 o8 - -1 16| 1 oe | - - 0 08
Georga 117 12l 3 os| s 23|12 13 7 16| § L) 3 6] 8 07| 2.0
Fio 131 13] 103 _1el 28 wLif19 2] 12 27| 7 16 & vsin Ls| % 19
TOTAL, :
South Attantic 1261 126 892 123] 49 136|129 144 60 deled  1ss| a3 1299 127 22 130
Kontuck: 12 01| 46 6 10|12 13| s Ll 7 6] 19 o8] 6 os| 13 0.8
ey # Hi8 BB Hiwo @i Heogis gl g r o
Misalssippi 62 06] S6 o8 6 2 | 13 LS| 3 07] 10 \ 17 01} § 07| 12 07
Eak Saath Cental 98 40| 297 41 101 39} s s3] 28 8.6 26 sal ¢ 30| 2] st 3.0
Atkan 07| 4@ as 1. o6l ¢ 09| 1 04| 6 08 3
Loulsana 91 19} 10 22| 3% 19 1 1.6] 9 20| ] s3 22| 1 4] % a1
Oklshoma 183 19| 146 20 15| 1s 1] 8 1) 10 22| 38 16| 6 o8| 32 1.9
Texas 421 3] 33 46l 8 33 37] 13 2.9] 20 5] S0 372 29| 6 40
TOTAL,
West South Con g1 s8] 682 94 179 10] 67 78] 3 69| 36 80f 192 179 %0 70| 12 8.3
N - - - - - - - I -} - - - - - - - -
Nonans 2 o3l 25 o3| "7 03] 07} - 0% talTw el Il e
{dsho 9 ol 2 - 7 03] 2 a2f - -2 cs| 3 ol - - I a2
Wyoming o1 ¢ o02] 3 03| - -13 67l 7 o3|t 0.1 6 03
Colorado 47 1s|] s el 32 12]16 18] s L1 11 2s| 61 12] 7 0| 2.0
New Mexico - 2 - 2 aif 2 02| - =12 04 1T - |- - 1ol
ona 3 as|] »®» os| 14 as} 3 o3} 1 02| 2 04| 36 15| 4 06| 2 19
~ Utsh 108 11} 8 12] 22 o9} 1s 20| 8 18] 10 22] 29 1.2 s L1} 2t 1.2
Yo 60 36) 272 37] 88 3s| so s.6] 14 31| 36 80f 134 S8s)|2 28] 114 67
" Washington 196 20| 166 23] 32 13] 16 f 13 29 3 67| 871 24| 22 1] 3 2.0
ive M2 21 190 26| 22 03} 14 16] 8 1.8 6 13} @& 19i13 18] % 20
- Galoma 1061 7] 73 110] M8 136 78 8.4 42 94| 33 74| 282 116]87 122 195 14
- Alasks 1T -] - - 1 - |1 oi] - iad I | 02| = -1- =4 - S
Hawail ss s o 4 o02] S os} 2 o¢] 3 67] 8 o3} 3 o¢| s 0.3
FOTAL, 1608 164]1098 166] 407 1e0}IN 12.4] 65 148 46 103] 9¢ 162125 17.5| 269 187




untber o [l uinbes of Persons Rece! MS
y 3 N pendenc NIGMS F dt uoemd All Field Yodersl Academmic Science Suppart,
?:’u"i&‘il.‘?&‘& :‘;‘:‘ﬂﬁtld':"‘ Dopenduncy Alowance, Flacal Yeur 1y ' - All Flelds, Fiscal You? 1966
A A T Ty A (R L TR TR ) T WA R e o e B ) it t——e— - en — e b
l‘nmim bwm “institutions with institutions withous
Total Tuainees } Fellows | Total Allocation Only NIKGMS Support iTNluMs Support
Por % P | Thousands Peee | Thousands m Thousnds Per | Thousands Pee
Numbet :::t Number wont 51 Number unl of Dojlars ooy ol‘Dollm of Dollars  cent of Dollars  omnt State and Reglon
20295 993 | 1893 9.8 }_4.418 99 li6Ese 998 Q24 "y | 1.923.219 lpo.o 235077 99 V'I'OTAIT. Al Stats
- ] 1 - T 2 ot | ol |y IS, 02 [ 94 04 | Mame
3? 0.2 183 1.0 | 2; &% (‘;32 0.3 141 0.3 .95| 03 13 - New Hampahire
§ - 59 03 (] 0.1 298 0.2 112 0.3 046 0.3 493 0.3 Vermont
1,298 64 1,289 68 $43 123 11,591 8. 3,385 7.8 142 459 7.4 10,490 45 Musmchumits
09 0S8 157 08 17 0.4 785 0. 78 09 17.879 09 87 0.4 Rhode Idand
2 19 $12 2.7 155 38 3478 .3 1234 28 41,183 a1 1,698 07 Connecticut

TOT
1846 90 | 2208 16 | 51 170 | 16963 124 | S267 134 | 28347 14 | 14510 62 | NewEngmd

2.::‘; 120 5.2“ 1ns mn 8 16,923 124 5244 13.1 216,763 113 34,508 147 New York

2.2 248 13 72 16 1311 Q9 406 09 317487 19 | 1212 OS | Newlemy
967 48 1201 63 165 37 2816 87 2,802 63 105777 58 | 10643 43 | Pennsylvanis
'IO‘I‘ALA
3,861 190 | 3,693 195 614 139 | 26050 190 | ses2 195 360027 187 | 46360 197 tantic
49 37 690 3.6 12¢ 28 | 3940 29 | 1498 33 68.042 3.8 | 16428 170 | Ohio
843 4l By 17 189 43 2762 20 9 20 42405 22 | 5028 2.1 | Indisns
1,365 67 1261 6.6 ss 80 7892 S8 | 3276 78 127219 66 | 6893 29 | Hilinois
989 4.9 93 3.1 145 33 o1l 30 | 1754 40 W4  4S | 10812 48 | Michign
662 33 507 27 143 32 4045 30 | 1,200 28 43038 23 | 3979 17 | Wisconsin
TOTAL,
4608 227 | 3368 177 956 216 | 31206 228 | 8602 199 367,108 190 | 42837 182 | EastNorth Contral
20 sit 27 3 10 2893 2l 1,323 31 U438 18 | 789 34 | Minnesots
By 237 3’.: 10t 23 2368 17 a8s 1.1 23,280 . 3530 15 | lows
a8 21 $94 31 0 11 207 LS 626 14 @498 2. 419 18 | Misoud
0 02 37 02 2 05 161 01 9 0.2 1204 01 3229 14 | NorthDakota
28 0.1 S 3 ol 4 - - - 1242 01| 4109 17 | SouthDakota
169 08 6 04 12 03 21 02 60 0.1 9959 0. S19 Q2 | Nebrasks
237 12 306 16 4 17.] 1233 09 576 13 18533 1.0 | 169 07 | Kewws
TOTAL,
1833 90 | 1754 92 308 69 8978 68 | 3167 7.3 133651 69 | 2817 107 | WestNorth Conteal
48 02 - - 11 02 7 ol - 3599 02 48 02 | Delawans
4 17 992 S.2 177 40 52712 38 | 1,914 .4 s1492 23 2373 10 | Maryland
22 16 137 07 53 12 734 08 18 04 23644 12 0 63 | Distictof Colunbi
203 1.0 198 1.0 8 06 798 06 196 Y 20307 10| 3349 14
9 02 76 Q4 4 Ol 77 ol 60 01 7408 04 | 128 08 W Virginia
439 22 91 3.1 8 L9 449 - 33 | 1,793 a1 $6718 3.0 | 4325 1.8 | North Carotine
“ 02 6 - 2 o1 122 a1 12 - 8460 04 617 03 | SouthCarolin
26 11 160 08 2 10 1604 12 501 1.2 27822 141 2027 09 | Geo
91 2 91 21 60 13 1969 1.4 851 2.0 “8% 23| 183 07 | Fo

TOTA
2,106 104 2,551 134 462 104 15,159 111 5495 127 244049 127 16,667 7.1 South IA"lutle

105 05 100 0S8 6 14 758 0S 270 06 19872 10 | 4335 18 | Kentucky
215 L1 61 19 6 1S 1% 13 664 15 27303 14 | 4290 1.8 | Tennomee
127 06 8 S 10 02 % 03 156 04 14882 08 | 2763 12 | Alsbama
93 0. 119 06 2 05 266 02 193 04 4395 02 | 8106 35
TOTAL,
40 27 669 38 159 36 379 23 | 1202 29 66452 35 | 19494 83 | EsstSouth Contmi
81 04 128 07 “ 10 163 01 46 0.1 8202 04 | 1313 06 | Arksmes
273 1.3 28 22 “ 10 1178 Q9 638 15 30,198 1. 403 17 | Louisiam
366 1.8 152 08 36 08 s86 O 187 04 15141 O 1578 07 | Oklshoms
M 38 s67 3.0 % 13 4686 34 | 1,08 28 71820 3.7 | 142299 60 | Texss
TOTAL,
1497 74 | 1272 6 198 45 6611 48 | 1982 .8 125367 65 | 21,153 9.0 | West South Central
- - - - - - - - - - 3423 13 | Neveda
o 02 1 - g8 02 $6 - - - 3648 032 1252 OS5 | Montana
15 01 - 2 24 0 Z - - - 2928 032 %9 03 | idwho
4 02 -2 3 01 11 ol - - 34 02 4 - | Wyoming
M 19 243 13 7 16 1492 11 558 1.3 zs.m 14 | 9490 40 | Colorado
8 04 15 01 1 - 3 ol z . U1 13017 S8 | NewMexico
235 132 02 | 14 03 a5 03 | 101 02 17638 09 | 10 43 | Amomae
218 10 159 08 & 10 7 428 1.0 18376 1.0 80 04 | Utah
: _ "
1032 S.1 s 24 165 37 3206 23 | 1.087 s 72248 37 | 29259 124 | Mogsic
359 1.8 YT M L6 3958 29 | 1,644 38 38829 20 | 3002 13 | Washingt
269 1.3 208 11 “ 1 1392 1.0 686 1.6 w39 13| & o
234 14 | 216 114 60 154 | 19085 133 | s 128 34347 132 | 14888 63 ornia
28 0l 2 ot 10 02 208 Qs 101 a2 12850 0.7 b C | fe

. 2972 146 2,991 158 808 183 25,504 18.6 7,980 18.4 335965 175 19,680 8.3 Pacific
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